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T h i s  r e p o r t  h a s  been  p r e p a r e d  f o r  t h e  U n i v e r s i t y  o f  R o c h e s t e r  
under  agreement  NsG-209 A G - 1  e n t i t l e d  "Wolf Trap  Microbe D e t e c t i o n  
Dev ice . "  I t  c o n s t i t u t e s  t h e  f i n a l  r e p o r t  on M o d i f i c a t i o n s  9 and 
1 0 ,  f o r  a  L i g h t w e i g h t  Wolf T r a p  s t u d y ;  and on M o d i f i c a t i o n  11, 
f o r  an i n f r a r e d  d e t e c t o r  s t u d y  and s t a r t  on mechan ica l  mode l ing .  
BBRC p e r s o n n e l  who p a r t i c i p a t e d  i n  b o t h  pe r fo rmance  o f  t h e  s t u d y  
and i n  p r e p a r a t i o n  o f  t h i s  r e p o r t  i n c l u d e :  F. G .  Brown, i n f r a -  
r e d  d e t e c t o r ;  D .  E .  Buckendahl ,  s y s t e m  d e s i g n ;  V.  H .  H e n t h o r n ,  
mechan ica l  s y s t e m  d e s i g n ;  J .  D .  P a c e ,  l i g h t - s c a t t e r  o p t i c s  ; and 
A .  J .  Ray, e l e c t r o n i c s .  
SUMMARY 
In  l a t e  1968, BBRC i n i t i a t e d  t he  p re l imina ry  des ign  of a  s m a l l ,  
l i g h t - w e i g h t  Wolf Trap L i f e  De tec t i on  Device. The des ign  i s  
i n t ended  f o r  use on the  Viking l ande r  v e h i c l e  be ing  cons ide red  
f o r  a 1973 Mars l a n d i n g .  
S ince  t h e  pH senso r  on t h e  Wolf Trap models des igned e a r l i e r  were 
r e l a t i v e l y  i n s e n s i t i v e ,  a  f e a s i b i l i t y  s t udy  was performed on 
d e t e c t i o n  of carbon d iox ide  gas above a  s o i l  sample ,  which would 
be s u p p l i e d  wi th  n u t r i e n t s  and exposed t o  t h e  Mars atmosphere.  
A t  t he  t e r m i n a t i o n  of t h e  s t u d y ,  an i n f r a r e d  d e t e c t o r  had been 
des igned  which has  a  c a l c u l a t e d  minimum carbon d i o x i d e  d e t e c t i o n  
l e v e l  of 10 'I1 gram moles. 
Three d i f f e r e n t  l i g h t - s c a t t e r  c e l l  c o n f i g u r a t i o n s  were c o n s t r u c t e d  
and t e s t e d .  The l i g h t  s c a t t e r  c e l l  i s  used t o  measure t h e  p a r -  
t i c l e s  p r e s e n t  i n  a  l i q u i d  s o l u t i o n ,  thus  p rov id ing  ano the r  means 
f o r  d e t e c t i n g  t h e  presence and growth of l i v e  organisms.  A 
breadboard model of t he  t h i r d  c o n f i g u r a t i o n  t e s t e d  showed good 
d e t e c t i o n  s e n s i t i v i t y  and a  subsequent  t e s t  model b u i l t  and 
t e s t e d  b r i e f l y  be fo re  t h e  program ended gave good r e s u l t s ,  
a l t hough  some f u r t h e r  re f inement  of t he  sys  tem would be neces sa ry .  
The neces sa ry  e l e c t r o n i c s  f o r  t h e  l i g h t  s c a t t e r  c e l l  were a l s o  
des igned  and t e s t e d .  The f i n a l  c o n f i g u r a t i o n  was a  d i f f e r e n t i a l  
sys tem us ing  a  r e f e r e n c e  compensated f o r  s t r a y  l i g h t  and tempera- 
t u r e .  The t e s t i n g  performed on t h e  d i f f e r e n t i a l  sys tem i n d i c a t e d  
t h a t  i t  would be a  s i g n i f i c a n t  improvement over t h e  sys tem used 
i n  t h e  e a r l i e r  Wolf Trap model; however, comprehensive t e s t i n g  of 
t h e  sys tem would be needed t o  f u l l y  v e r i f y  i t s  performance.  
I n  a d d i t i o n  t o  t h e  work on components ,  a  p r e l i m i n a r y  f l i g h t -  
c o n f i g u r a t i o n  s y s t e m  d e s i g n  was e v o l v e d .  T h i s  d e s i g n  i s  a  
c a r o u s e l  t y p e  c a p a b l e  o f  t e s t i n g  n i n e  samples  and would weigh 
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S e c t i o n  1 
INTRODUCTION 
S i n c e  1963 B a l l  B r o t h e r s  Resea rch  C o r p o r a t i o n  h a s  been i n v o l v e d  
i n  development  o f  t h e  Wolf Trap  L i f e  D e t e c t i o n  Device .  A f l i g h t -  
c o n f i g u r e d  e n g i n e e r i n g  model was b u i l t ,  t e s t e d ,  and d e l i v e r e d  
i n  1967,  That  model combined two measurements:  l i g h t  s c a t t e r i n g  
from p a r t i c l e s  i n  s o l u t i o n  and pH m o n i t o r i n g  i n  t h e  s o l u t i o n .  
The c o n f i g u r a t i o n  was i n t e n d e d  f o r  t h e  l a r g e - c l a s s  Mars s o f t  
l a n d e r  b e i n g  c o n s i d e r e d  a t  t h a t  t i m e .  Subsequent  s t u d i e s  were  
per formed t o  deve lop  c o n c e p t s  o f  s m a l l e r  mechanisms and o p t i c a l  
s y s  tems . 
Then, i n  l a t e  1968,  a l l  e f f o r t  was d i r e c t e d  t o  t h e  p r e l i m i n a r y  
d e s i g n  o f  an i n s t r u m e n t  f o r  t h e  1973 V i k i n g  l a n d e r  which was 
under  s t u d y .  However, t e s t i n g  o f  t h e  pH sys tem had  shown t h e  
method was t o o  i n s e n s i t i v e  an i n d i c a t o r  o f  a c t i v i t y  t o  be  u s e d  
w i t h  t h e  h i g h l y  s e n s i t i v e  l i g h t  s c a t t e r i n g  measurement.  S i n c e ,  
h i s t o r i c a l l y ,  t h e  Wolf Trap  concep t  has  r e q u i r e d  t h e  d i r e c t  
measurement of  b o t h  o rgan i sm growth and o f  s o l u t i o n  a c t i v i t y ,  a  
f e a s i b i l i t y  s t u d y  was pe r fo rmed  on d e t e c t i o n  of ca rbon  d i o x i d e  
gas above a  s o i l  c u l t u r e .  The p h i l o s o p h y  g u i d i n g  t h e  t o t a l  
i n s t r u m e n t  development  c o n c e p t  h a s  been  t h a t  t h e  d e v i c e  must  
s e r v e  a s  a  backup t o  t h e  i n t e g r a t e d  b i o l o g y  exper imen t  c u r r e n t l y  
b e i n g  deve loped  under  d i r e c t i o n  o f  t h e  NASA-Ames Resea rch  C e n t e r .  
However, a  backup i s  n o t  a  backup i f  i t  i s  more complex t h a n  t h e  
p r i m a r y  i n s t r u m e n t .  T h e r e f o r e ,  p r i n c i p a l  d e s i g n  g o a l s  have been 
s i m p l i c i t y  o f  d e s i g n  w i t h  minimal  dependence on components 
r e q u i r i n g  a d d i t i o n a l  development ,  and r e d u c t i o n  i n  e n d - i t e m  c o s t  
by modular  d e s i g n  t h a t  p e r m i t s  r e p e t i t i v e  machining  o p e r a t i o n s .  
A d e t a i l e d  d i s c u s s i o n  of  t h e  r e s u l t s  and t h e  recommendat ions f o r  
e a c h  o f  t h e  major  a r e a s  o f  t h e  f e a s i b i l i t y  s t u d y  i s  p r e s e n t e d  i n  
s e p a r a t e ,  d e t a i l e d  s e c t i o n s  o f  t h i s  r e p o r t .  Thus,  t h e  l i g h t  
s c a t t e r  c e l l ,  t h e  i n f r a r e d  d e t e c t o r ,  and t h e  e l e c t r o n i c s ,  a r e  
c o v e r e d  i n  S e c t i o n s  2 ,  3 ,  and 4 ,  r e s p e c t i v e l y .  S e c t i o n  5 
p r e s e n t s  a  d i s c u s s i o n  o f  t h e  s y s t e m  d e s i g n  p h i l o s o p h y  and 
d e s c r i b e s  t h e  f l i g h t - c o n f i g u r a t i o n  c o n c e p t  deve loped  a s  a  r e s u l t  
o f  t h i s  s t u d y .  
Sec t ion  2 
LIGHT SCATTER CELLS 
The l i g h t  s c a t t e r  c e l l s  i l l u m i n a t e  a  l i q u i d  s o l u t i o n  and d e t e c t  
l i g h t  s c a t t e r e d  by p a r t i c l e s  i n  t h e  s o l u t i o n .  The i n t e n s i t y  of 
t h e  s c a t t e r e d  l i g h t  approaches ze ro  i f  t h e  l i q u i d  i s  d i s t i l l e d ,  
f i l t e r e d  and degassed w a t e r .  When b i o l o g i c a l  organisms o r  o t h e r  
sma l l  p a r t i c l e s  a r e  p r e s e n t ,  t h e  l i g h t  s c a t t e r e d  i s  a  f u n c t i o n  of 
t h e  number of  s c a t t e r i n g  p a r t i c l e s  i n  t h e  l i q u i d .  By s e p a r a t i n g  
and d e t e c t i n g  t h e  s c a t t e r e d  l i g h t  from t h e  i n p u t  l i g h t ,  i t  i s  
p o s s i b l e  t o  determine t h e  i n c r e a s e  i n  number o f  p a r t i c l e s  i n  t h e  
l i q u i d .  
2 . 1  OPT1 CAL SYSTEMS 
Three l i g h t  s c a t t e r  c e l l  c o n f i g u r a t i o n s  were c o n s t r u c t e d  and t e s t e d .  
The c e l l s  d i f f e r  p r i n c i p a l l y  i n  t h e  method of c o l l e c t i n g  s c a t t e r e d  
l i g h t .  I n  a l l  t h r e e  c o n f i g u r a t i o n s ,  a  s p h e r i c a l  m i r r o r  forms one 
s i d e  of  t h e  c e l l  and i s  i l l u m i n a t e d  from a  l i g h t  source  l o c a t e d  
a t  t h e  r a d i u s  of c u r v a t u r e  o f  t h e  m i r r o r .  The emergent l i g h t  f i r s t  
pa s se s  through the  l i q u i d ;  i t  i s  then r e f l e c t e d  back through t h e  
l i q u i d  and focused  onto t h e  sou rce .  The s c a t t e r e d  l i g h t  i s  c o l -  
l e c t e d  and conver ted i n t o  an e l e c t r i c a l  s i g n a l  by a  p h o t o d e t e c t o r .  
The f i r s t  c o n f i g u r a t i o n ,  silown i n  Fig .  2- 1, prov ides  i l l u m i n a t i o n  
through a  s i n g l e  f i b e r  o p t i c  which a l s o  c o l l e c t s  t h e  n o n - s c a t t e r e d  
l i g h t  r e f l e c t e d  from t h e  m i r r o r .  The s c a t t e r e d  l i g h t  (dashed l i n e )  
i s  m u l t i p l y  r e f l e c t e d  back t o  t h e  d e t e c t o r .  L igh t  l o s s e s  from 
r e f l e c t i o n s  reduced t h e  s e n s i t i v i t y  of  a  p r a c t i c a l  system t o  de -  





Fig .  2 - 1  Conica l -Mir ror  C o l l e c t o r  
The second c e l l ,  shown i n  F ig .  2 -2 ,  admits  l i g h t  through a  p i n -  
h o l e  a p e r t u r e  i n  t h e  c o l l e c t o r  m i r r o r ,  which images t h e  s c a t t e r e d  
l i g h t  on to  t h e  d e t e c t o r .  The m i r r o r  i s  l i m i t e d  i n  p h y s i c a l  s i z e  
s o  t h a t  only  about a  10-degree  cone of  s c a t t e r e d  l i g h t  can be  c o l -  
l e c t e d .  The sys tem i s  l i m i t e d  t o  d e t e c t i o n  of about 2 x 10 5 
microorganisms p e r  m i l l i l i t e r .  
The t h i r d  system i s  shown i n  Fig .  2-3 .  Losses i n  t h e  o t h e r  c o n f i g -  
u r a t i o n s  sugges t ed  t h a t  t h e  fewer t h e  o p t i c a l  components and l i g h t  
r e f l e c t i o n s ,  t h e  b e t t e r  t h e  s e n s i t i v i t y  would be .  In t h i s  c e l l ,  
tlae l i g h t  from t h e  lamp sou rce  i s  p iped  down a  s i n g l e  f i b e r  o p t i c ,  
through a  s i l i c o n  p h o t o d e t e c t o r  and t r a n s p a r e n t  f a c e  p l a t e ,  and 
emerges a t  t h e  r a d i u s  o f  c u r v a t u r e  o f  t h e  m i r r o r .  The s c a t t e r e d  
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F i g .  2-3 Plane-Detector Collector 
l i g h t  i s  i n t e r c e p t e d  by t h e  d e t e c t o r ,  e i t h e r  a f t e r  r e f l e c t i o n  from 
t h e  m i r r o r  o r  d i r e c t l y  from t h e  p a r t i c l e  a f t e r  tile i l l u m i n a t i n g  
ray has  r e f l e c t e d  from t h e  m i r r o r .  
A breadboard model o f  t h i s  system was t e s t e d  f o r  response  t o  E .  
Co l i .  i n  media a t  3 7 O C .  The media c o n s i s t e d  of  b a c t o - t r y p t o n e ,  
sodium c h l o r i d e ,  and th iamine hyd roch lo r ide  i n  q u a n t i t i e s  optimum 
f o r  t h e  organism. Genera t ion  t ime i s  about  25 minutes .  Two 
s u c c e s s i v e  and i d e n t i c a l  t e s t s  y i e l d e d  t h e  r e s u l t s  shown i n  F ig .  
2-4 .  The c u r v e ' s  s l o p e  change a t  7 0  minutes has been observed i n  
p rev ious  t e s t i n g  wi th  t h e  eng inee r ing  model o f  t he  Wolf Trap. 
However, t h e  s t e p  a t  60  minutes  had n o t  been d e t e c t e d  p r e v i o u s l y  
because i t  occurs  a t  low popu la t i ons  n o t  t e s t e d  b e f o r e .  System 
s t a b i l i t y  was con t inuous ly  moni tored dur ing  t he  t e s t  and showed 
no th ing  t h a t  could  produce changes g r e a t e r  than 0.2 a r b i t r a r y  
l i g h t - s c a t t e r  u n i t s .  
I t  must be no t ed  t h a t  only a  t e r m i n a l  p l a t e  count was made f o r  
t h e  t e s t .  The s c a l e  f o r  popu la t i on  e s t i m a t e  i n  F i g .  2 - 4  i s  based 
s o l e l y  on t h e  e s t i m a t e d  g e n e r a t i o n  t ime.  Inoculum was a  log-phase  
c u l t u r e  and was e s t i m a t e d  t o  be 500 organisms p e r  m i l l i l i t e r ,  i n  
agreement w i th  t h e  25-minute g e n e r a t i o n  time and t h e  t e r m i n a l  count .  
T~le breadboard model, a l though  showing good d e t e c t i o n  s e n s i t i v i t y ,  
has  some problems which must be r e so lved  f o r  a  f l i g h t  a p p l i c a t i o n .  
These a r e  d i s c u s s e d  i n  s u b s e c t i o n  2 . 2  below. 
2 . 2  OPT1 CAL IMPROVEMENTS 











1 )  h i g h  o u t p u t  c u r r e n t  from s t r a y  l i g h t  
2) t e m p e r a t u r e  change i n s t a b i l i t y  o f  o u t p u t  
3)  d e t e c t o r  n o i s e  masking low s i g n a l s  
The h i g h  c u r r e n t  c a u s e d  by s t r a y  l i g h t  i s  u n d e s i r a b l e  b e c a u s e  
s m a l l  changes  i n  i l l u m i n a t i o n  i n t e n s i t y  p roduce  d e t e c t o r  s i g n a l  
changes which a r e  much l a r g e r  t h a n  t h e  l i g h t  s c a t t e r i n g  s i g n a l s .  
Tempera ture  i n s t a b i l i t y  i s  caused  by d i f f e r e n c e s  i n  r e s p o n s e  b e -  
tween t h e  l i g h t  s c a t t e r  d e t e c t o r  and  t h e  d e t e c t o r  u s e d  a s  a  r e f e r -  
ence  t o  compare l i g h t  s o u r c e  i n t e n s i t y .  I n  t h e  b r e a d b o a r d  model 
t e s t e d ,  t i le  r e f e r e n c e  d e t e c t o r  r e c e i v e d  l i g h t  d i r e c t l y  from t h e  
s o u r c e ,  w h i l e  t h e  s c a t t e r  d e t e c t o r  l i g h t  was m o d i f i e d  by t h e  
a b s o r p t i o n  bands of  t h e  w a t e r  and t h e  media .  The d e t e c t o r - g e n e r a t e d  
random n o i s e  t o t a l l y  masks t h e  s c a t t e r e d  l i g h t  s i g n a l  a t  low c u r -  
r e n t  l e v e l s .  F i g .  2-4 shows t h i s  e f f e c t  between 20 and 40 m i n u t e s .  
To p r o v i d e  a  t e s t  bed  f o r  improvements ,  a  v e r s a t i l e  t e s t  u n i t  was 
f a b r i c a t e d  and i s  shown i n  F i g .  2-5 .  A l l  m e t a l  i n  c o n t a c t  w i t h  t h e  
media  i s  t i t a n i u m  a l l o y ,  6AL-4V. The s p h e r i c a l  g l a s s  m i r r o r  i s  
ch romium-p la t ed  and o v e r c o a t e d  w i t h  s i l i c o n  monoxide,  which was 
found n e c e s s a r y  a f t e r  g a l v a n i c  c e l l  c o r r o s i o n  h a d  m a r r e d  two 
e a r l i e r  m i r r o r s .  The o p t i c  c a r r i e r  p r e s s e s  tile t r a n s p a r e n t  f a c e  
p l a t e  a g a i n s t  t h e  c e l l  body O - r i n g  s e a l  and p r o v i d e s  a t t a c h m e n t  
p o i n t s  f o r  t h e  l i g h t  s o u r c e  ( n o t  shown).  C e l l  c a p a c i t y  i s  5 m i l l i -  
l i t e r s  t o t a l ,  i n c l u d i n g  plumbing c o n n e c t i o n s  f o r  t h e  t r i a l  p e r i -  
s t a l t i c  pump. A c t u a l  l i q u i d  volume w i t h i n  t h e  o p t i c a l  d e t e c t o r  i s  
2 m i l l i l i t e r s .  
(Front) 
(Back) 
Fig. 2 - 5  Cell Components Test Model 
T e s t i n g  of d i f f e r e n t  component c o n f i g u r a t i o n s  was done u s ing  a  wa te r  
d i s p e r s i o n  of Dow Polys tyrene  l a t e x  spheres  of 1.011-microns 
d iamete r .  The method i s  p r a c t i c a l  f o r  e v a l u a t i n g  r e l a t i v e  p e r f o r -  
mance a t  a  f i x e d  c o n c e n t r a t i o n  of l o 6  p a r t i c l e s  p e r  m i l l i l i t e r .  
However, s e r i a l  d i l u t i o n s  of  t h e  suspens ion  d i d  n o t  p rov ide  an 
accep tab l e  c a l i b r a t i o n  t echn ique .  The spheres  r e a d i l y  form clumps 
which can be s e p a r a t e d  only  by s eve re  a g i t a t i o n .  Also,  t h e  p a r t i -  
c l e s  have a  g r e a t  tendency t o  c l i n g  t o  e l e c t r i c a l l y  non-conduct ive  
s u r f a c e s .  This e f f e c t  i s  a t t r i b u t e d  t o  e l e c t r o s t a t i c  a t t r a c t i o n ,  
bu t  nas  no t  been conc lus ive ly  proven.  
Undoubtedly, t h e  wor s t  o p e r a t i o n a l  problem found i n  t e s t i n g  i s  t h e  
fo rmat ion  of minute gas bubbles  on t h e  m i r r o r  and f a c e p l a t e .  
Adsorbed gas c o n c e n t r a t i o n s  i n  t h e  wa te r  must be reduced by b o i l -  
i ng  w i th  h e a t  o r  vacuum. Clean s u r f a c e s  p rov ide  fewer condensing 
n u c l e i ,  b u t  s u p e r i o r  o p e r a t i o n a l  c l e a n l i n e s s  i s  d i f f i c u l t  t o  ach i eve .  
Tile p e r i s t a l t i c  pump, i f  ope ra t ed  s o  t h a t  wa te r  l e f t  t h e  c e l l  
bottom and r e - e n t e r e d  t h e  t o p ,  i n t roduced  no s i g n i f i c a n t  gas bubbles .  
Reverse pump flow f looded  t h e  c e l l  wi th  bubb le s ,  even wi th  t h e  t op  
i n l e t  p o r t  w e l l  below l i q u i d  l e v e l .  
The problem of reducing s t r a y  l i g h t  a t  t h e  s c a t t e r  d e t e c t o r  can be 
s o l v e d  by i s o l a t i n g  t h e  d e t e c t o r  from both  t h e  incoming l i g h t  and 
t h e  re focused  image a t  t h e  f a c e p l a t e .  The e a r l y  t e s t  model used 
a  0 .028- inch  d i ame te r  s i n g l e  g l a s s  f i b e r  t o  conduct l i g h t  i n t o  t h e  
c e l l  a s  shown i n  F ig .  2 - 6 .  A p r ev ious  study1 showed t h a t  l i g h t  
'BBRC, F i n a l  Repor t ,  Wolf Trap M i n i a t u r i z a t i o n  Study,  F69-01, 
2 9  August 1969, p.  3-17. 
r e f o c u s e d  back o n t o  t h e  f i b e r  i s  s p r e a d  by abou t  50  p e r c e n t  i n  
d i a m e t e r .  T h i s  unwanted l i g h t  f a l l s  on t h e  d e t e c t o r  and i n c r e a s e s  
t h e  background s i g n a l .  A l s o ,  minu te  f r a c t u r e s  a t  t h e  end  o f  t h e  
f i b e r ,  formed a s  a  n a t u r a l  consequence  o f  f a b r i c a t i o n  o f  g l a s s  
p a r t s ,  a l l o w  some incoming l i g h t  t o  b l e e d  i n t o  t h e  f a c e p l a t e  and 
o n t o  t h e  d e t e c t o r .  
Tue method of  d e t e c t o r  i s o l a t i o n  t r i e d  was u s e  o f  a  f i b e r  o p t i c  
f a c e p l a t e  a s  shown i n  F i g .  2 - 7 .  The f a c e p l a t e  c o n s i s t s  of g l a s s  
f i b e r s  o f  m i c r o n - r a n g e  d i a m e t e r ,  c o a t e d  w i t h  a b s o r p t i v e  m a t e r i a l  
and f u s e d  t o g e t h e r ,  w i t h  t h e  f i b e r  d i r e c t i o n  normal  t o  t h e  f a c e -  
p l a t e  s u r f a c e .  L i g h t  t r a n s m i s s i o n  between f i b e r s  i s  minimized  by 
t h e  c o a t i n g  a b s o r p t i o n .  The i n p u t  l i g h t  i s  f o c u s e d  on t h e  f a c e -  
p l a t e  and emerges on t h e  o t h e r  s i d e  a t  a maximum a n g l e  c o n t r o l l e d  
by t h e  f i b e r ' s  n u m e r i c a l  a p e r t u r e .  R e f l e c t e d  arid s p r e a d  l i g h t  is  
conduc ted  p a s t  t h e  d e t e c t o r ' s  s e n s i t i v e  a r e a ,  w h i l e  s c a t t e r e d  l i g h t  
i s  d i r e c t e d  o n t o  t h a t  a r e a .  Some improvement was a c h i e v e d  i n  t h e  
s c a t t e r  c u r r e n t / b a c k g r o u n d  c u r r e n t  r a t i o  o v e r  t h e  5 t o  1 r a t i o  
o b t a i n e d  i n  t h e  s y s t e m  p r e v i o u s l y  used . '  The method a l s o  p r o v i d e s  
a  smootii, c o n t i n u o u s  f a c e p l a t e  s u r f a c e  which r e d u c e s  g a s  b u b b l e s  
condens ing  a t  c r e v i c e  n u c l e i .  
The problem o f  s c a t t e r - d e t e c t o r - g e n e r a t e d  n o i s e  i s  d i s c u s s e d  i n  
s u b s e c t i o n  4 . 2 .  The s o l u t i o n  i s  m o d u l a t i o n  of  t h e  l i g h t  a t  a 
f r e q u e n c y  above 25 H z  t o  p e r m i t  u s e  o f  s e l e c t i v e l y  t u n e d  a m p l i -  
f i e r s  t h a t  w i l l  n o t  b e  a f f e c t e d  by  n o i s e  f r e q u e n c i e s  o u t s i d e  
SINGLE FIBER 
- 
ANNULUS FILLED WITH TRANSPARENT 
TRANSPARENT CEMENT FACE PLATE 






Dl RECTlO N OPTICAL 
OF M IN IMUM COUPLING 
TRANSMISSION 
FIBER OPTIC FACEPLATE 
F i g .  2 - 7  F i b e r  O p t i c  F a c e  P l a t e  
t h e i r  band p a s s .  The l i g h t  d e t e c t o r  c h a r a c t e r i s t i c s  l i m i t  t h e  
maximum f r e q u e n c y  t o  abou t  8 0 0  Hz, w e l l  above t h e  c a l c u l a t e d  2 5  
H z .  Modu la t ion  o f  i n c a n d e s c e n t  lamps by t h e  power i n p u t  i s  n o t  
p o s s i b l e  b e c a u s e  o f  t h e  f i l a m e n t ' s  t h e r m a l  i n e r t i a .  C e r t a i n l y  a 
r o t a t i n g  s h u t t e r  c o u l d  be u s e d  i n  f r o n t  o f  a  c o n s t a n t l y  b u r n i n g  
lamp, b u t  tlie method i s  m e c h a n i c a l l y  complex. An a l t e r n a t e  
approach  i s  p u l s i n g  a  l i g h t - e m i t t i n g  s e m i c o n d u c t o r .  
A v a r i e t y  o f  l i g h t - e m i t t i n g  s e m i c o n d u c t o r s  a r e  a v a i l a b l e  f o r  u s e  
a s  a  p u l s e d  l i g h t  s o u r c e .  Tile p r i n c i p a l  advan tages  f o r  u s e  w i t h  
a  l i g h t  s c a t t e r  d e t e c t o r  a r e  s m a l l  s o u r c e  s i z e ,  h i g h  r e l i a b i l i t y  
and f a s t  r e s p o n s e  a t  h i g h  p u l s e  r a t e s .  The d e v i c e s  have a n a r r o w -  
wave leng th  e m i s s i o n  band which can  b e  c e n t e r e d  from t h e  v i s i b l e  
t o  n e a r  i n f r a r e d .  Some f e e l i n g  f o r  s t e r i l i z a t i o n  t e m p e r a t u r e  
r e s i s t a n c e  was o b t a i n e d  when a  commerc ia l ly  a v a i l a b l e  u n i t  was 
p a s s i v e l y  baked.  A Ivlonsanto MV- 1 O B  g a l l i u m  a r s e n s i d e  p h o s p h i d e  
(GaAsP) d i o d e  w i t h  an i n t e g r a l  epoxy l e n s  e m i t s  a t  0 . 6 7  m i c r o n .  
A f t e r  d r y  h e a t  s t e r i l i z a t i o n  a t  15S°C f o r  a  20-hour  and a  44 -hour  
p e r i o d ,  t h e  l i g h t  o u t p u t  dropped 7 . 2  p e r c e n t  from l e n s  d a r k e n i n g .  
O t h e r  d e v i c e s  have g l a s s  l e n s e s  which s h o u l d  b e  s a t i s f a c t o r y .  
The problem o f  t e m p e r a t u r e  s e n s i t i v i t y  o f  l i g h t  d e t e c t o r s  i s  t h e  
most  s e v e r e  problem o f  t h e  t h r e e .  Any l i g h t  d e t e c t o r  o u t p u t  w i l l  
v a r y  w i t h  t e m p e r a t u r e  a t  f i x e d  i l l u m i n a t i o n .  I d e a l l y ,  a d e t e c t o r  
sys t em h a s  n e a r l y  c o n s t a n t  i l l u m i n a t i o n  w i t h  p r o v i s i o n  f o r  moni- 
t o r i n g  and c o r r e c t i n g  c o a r s e  c h a n g e s ,  and  h a s  an o u t p u t  i n d e p e n d e n t  
o f  t e m p e r a t u r e  and f i n e  i l l u m i n a t i o n  changes .  
P r e v i o u s  d e t e c t o r  sys t ems  u s e d  a  l i g h t  d e t e c t o r  t o  c o n t r o l  i l l u m i -  
n a t i o n  and a n o t h e r  d e t e c t o r  f o r  measur ing  l i g h t  s c a t t e r i n g .  However,  
l i g h t  a b s o r p t i o n  i n  t h e  w a t e r  a l t e r e d  t h e  s p e c t r a l  s e n s i t i v i t y  o f  
t h e  s c a t t e r  d e t e c t o r  s o  a s  t o  make t h e  sys t em r e s p o n s e  n o n l i n e a r  
w i t h  t e m p e r a t u r e .  
A s o l u t i o n  t o  t h e  t e m p e r a t u r e  problem i s  t h e  u s e  o f  d i f f e r e n t i a l l y  
c o n n e c t e d  l i g h t  d e t e c t o r s ,  a s  d i s c u s s e d  i n  s u b s e c t i o n  4 . 1 .  A 
t e s t  s e t u p  was c o n s t r u c t e d  and t e s t e d  t o  e v a l u a t e  t h i s  method. The 
t e s t  s e t u p  i s  shown i n  F i g .  2 - 8 .  The a r rangement  i s  t h e  same as 
i n  F i g .  2 - 7 ,  e x c e p t  t h a t  a t h i n ,  t r a n s p a r e n t  p i e c e  o f  g l a s s  p l a t e  
i s  i n s e r t e d  i n  t n e  p a t h  o f  t h e  i l l u m i n a t i n g  l i g h t  beam. About 
f o u r  p e r c e n t  o f  t h e  i n c i d e n t  l i g h t  i s  r e f l e c t e d  from t h e  beam 
s p l i t t e r  o n t o  t h e  m o n i t o r  which i s  u s e d  t o  c o n t r o l  t h e  l i g h t  s o u r c e  
power.  A l s o ,  a b o u t  f o u r  p e r c e n t  o f  t h e  r e f l e c t e d  and  f o c u s e d  l i g n t  
i s  d i r e c t e d  o n t o  t h e  r e f e r e n c e  d e t e c t o r ,  which i s  e l e c t r i c a l l y  com- 
b i n e d  w i t h  t h e  s c a t t e r  d e t e c t o r  t o  p r o v i d e  a d i f f e r e n t i a l  o u t p u t  
l a r g e l y  i n d e p e n d e n t  of s m a l l  changes  i n  i l l u m i n a t i o n .  The a r r a n g e -  
ment a l l o w s  p lacemen t  of  a l l  t h r e e  d e t e c t o r s  i n t o  a  s m a l l  assembly  
which has  a  minimum t e m p e r a t u r e  g r a d i e n t .  T h i s ,  t o g e t h e r  w i t h  t h e  
r e f e r e n c e  and s c a t t e r  d e t e c t o r s  r e c e i v i n g  w a t e r - f i l t e r e d  l i g h t ,  
p roduced  l i t t l e  t e m p e r a t u r e  change i n  o u t p u t .  
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3 . 1  CONCEPT DESIGN 
A r e p o r t  from Langley Research Cente r ,  da t ed  February 1969, 
shows t h e  s u r f a c e  p r e s s u r e  of  Mars i s  probably  9mb. Approximately 
6 8 . 5  p e r c e n t  of t h e  atmosphere i s  C02, w i t h  n i t r o g e n  and argon 
t h e  o t h e r  c o n s t i t u e n t s  . 1 
Assuming l i f e  e x i s t s  on Mars, it might be d e t e c t e d  by p l a c i n g  a  
s o i l  sample i n  a  n u t r i e n t - r i c h  wa te r  ba th  open t o  a  c e l l  con- 
t a i n i n g  t h e  normal Mart ian  atmosphere.  De tec t i on  would be 
accomplished by measuring changes i n  t h e  a b s o r p t i o n  of i n f r a r e d  
r a d i a t i o n  p a s s i n g  through t h e  c e l l  due t o  an i n c r e a s e  o r  d e c r e a s e  
of  carbon d iox ide  c o n c e n t r a t i o n  w i t h i n  t h e  volume. The low 
p r e s s u r e s  encountered on Mars would a l low t h e  wa te r  t o  vapo r i ze  
r a p i d l y ,  w i t h  p o s s i b l e  c a r r y o v e r  of  wa te r  d r o p l e t s  i n t o  o p t i c a l  
windows, b u t  t h e  c e l l  cou ld  be overpressured  w i t h  n i t r o g e n  o r  
hel ium t o  p reven t  t h e  problem. An ove rp re s su re  t o  100 mm Hg 
would probably  be s u f f i c i e n t  t o  r e t a r d  v a p o r i z a t i o n .  
A review of a v a i l a b l e  uncooled d e t e c t o r s  and d a t a  on C02 
a b s o r p t i o n  i n d i c a t e s  t h a t  t h e  4.25-micron abso rp t ion  band i s  t h e  
b e s t  f o r  d e t e c t i o n .  Band s e l e c t i o n  r e q u i r e s  de te rmin ing  t h e  
optimum c e n t e r  frequency and bandpass f o r  d e t e c t i o n  a t  t h e  
Mar t ian  C02 c o n c e n t r a t i o n  and t o t a l  ove rp re s su re .  A r e a l i s t i c  
i n f r a r e d  "spike" bandpass f i l t e r ,  can be manufactured w i t h  a  
bandpass ,  a t  t h e  50  percent-of-maximum-transmission p o i n t s ,  of  
between 1 and 1-1 /2  pe rcen t  o f  t h e  c e n t e r  wavelength .  The 
'NASA, Viking P r o j e c t ,  Mars Engineer ing Model, M73-106-0, 
NASA Langley Research Cen te r ,  Viking P r o j e c t  O f f i c e ,  1969. 
5 - p e r c e n t - o f - m a x i m u m - t r a n s m i s s i o n  p o i n t s  can  be  assumed t o  b e  
a p p r o x i m a t e l y  t w i c e  t h i s  w i d t h .  T h e r e f o r e ,  i t  i s  r e a s o n a b l e  t o  
assume t h a t  a  f i l t e r  may b e  o b t a i n e d  f o r  u s e  i n  t h e  4 .25 -mic ron  
band t h a t  i s  0 . 0 8  mic rons  wide  a t  t h e  50-percent -of -maximum- 
t r a n s m i s s i o n  p o i n t s ,  and 0 . 1 6  mic rons  wide  a t  t h e  5 - p e r c e n t - o f  - 
maximum-transmission p o i n t s .  A f i l t e r  w i t h  t h e s e  c h a r a c t e r i s t i c s  
may b e  approx ima ted  by a  " p e r f e c t "  f i l t e r  0 .10  microns  wide  a t  
t h e  maximum and z e r o  t r a n s m i s s i o n  p o i n t s .  
Howard, e t  a l . ,  ' have  shown e m p i r i c a l  r e l a t i o n s  between t h e  
v a r i a b l e s  c a u s i n g  a b s o r p t i o n  change and t h e  t o t a l  band a b s o r p t i o n .  
These r e l a t i o n s  were  d e r i v e d  from p r e v i o u s  t h e o r e t i c a l  work .  
The work o f  Burch ,  e t  a l . ,  shows t h e  r e s u l t s  o f  e x p e r i m e n t a l  
measurements  u s i n g  p a r a m e t e r s  n e a r l y  e q u a l  t o  t h o s e  r e q u i r e d  f o r  
a  l i f e  d e t e c t i o n  s y s t e m .  Comparing r e s u l t s  f rom Burch t o  t h o s e  
o b t a i n e d  by Howard s u g g e s t s  t h a t  t h e  e x p e r i m e n t a l  measurements  
may b e  u s e d  a s  a  b a s i s  f o r  making t h e  above d e t e r m i n a t i o n s .  
F u r t h e r ,  a  p a p e r  by Andreyev and ~ o k r o v s k i ~ ~  s u b s t a n t i a t e s  t h i s  
d e d u c t i o n  by a  compar i son  o f  o t h e r  t h e o r e t i c a l  work t o  t h a t  o f  
Burch . 
'5. N .  Howard, D .  E .  Burch ,  and D .  W i l l i a m s ,  " I n f r a r e d  T r a n s -  
m i s s i o n s  o f  S y n t h e t i c  Atmospheres ,  P a r t  11, A b s o r p t i o n  by 
Carbon Dioxide" ,  J .  Opt .  Soc .  A m . ,  Vol .  46,  1956,  p .  237. 
3 ~ ~ ~ ~ ~ ,  I n f r a r e d  A b s o r p t i o n  by Carbon D i o x i d e ,  Water  Vapor,  and 
Minor Atmospher ic  C o n s t i t u e n t s ,  by D .  E .  Burch ,  D .  Gryvnak, 
E .  B .  S i n g l e t o n ,  W .  L .  France; and D .  W i l l i a m s ,  AFCRL-62-698 
Resea rch  R e p o r t ,  Bedfo rd ,  Mass. ,  AFCRL, Geophysics  Resea rch  
D i r e c t o r a t e ,  1962.  
4 ~ .  D .  Andreyev and A .  E .  P o k r o v s k i y ,  "The T h e o r e t i c a l  I n f r a r e d  
S p e c t r a  o f  H20 and C02 a s  Compared w i t h  L a b o r a t o r y  Measurements",  
B u l l .  Acad. S c i .  U.S.S.R., Div. Atmos. and Ocean P h y s . ,  Vo l .  4 ,  
1968,  p p .  671-675.  
The p a r t i a l  p r e s s u r e  of  C02 i n  t h e  Mar t i an  atmosphere i s  
o r  approx imate ly  0.0061 s t a n d a r d  atmospheres a t  t h e  Mar t i an  
mos t -p robab le  s u r f a c e  t em pe ra tu r e  of  230°K. Reduced t o  s t a n d a r d  
t e m p e r a t u r e ,  t h i s  becomes: 
- 2 7 3  x  0 .0061 = 0.00724 s t d  atm 
'ST - 
I f  a  gas  c e l l  p a t h - l e n g t h  of 1 0  cm i s  s e l e c t e d ,  t h e  C02 concen-  
t r a t i o n  may be  exp re s sed  a s :  
0.00724 atm x  10 cm = 0.0724 atm-cm 
The a b s o r p t i o n  of  i n f r a r e d  i n  t h e  c e l l  w i l l  depend on t h e  p a r t i a l  
p r e s s u r e  of  t h e  C02 and t h e  t o t a l  p r e s s u r e ,  a s  a  r e s u l t  of  t h e  
d i f f e r e n t  ab so rp t i on -b roaden ing  a b i l i t i e s  of t h e  gases  i n v o l v e d .  
Burch ha s  sugges t ed  t h e  b roaden ing  e f f e c t s  of  two gases  can be  
e x p r e s s e d  i n  terms of  a  s i n g l e  v a r i a b l e ,  c a l l e d  t h e  e q u i v a l e n t  
p r e s s u r e ,  and d e f i n e d  by PE = P + 1 .30p ,  where P i s  t h e  t o t a l  
p r e s s u r e  of  a  b i n a r y  mix tu r e  o f  n i t r o g e n  and C02, and p  i s  t h e  
p a r t i a l  p r e s s u r e  of t h e  C 0 2  S i n c e  t h e  o t h e r  c o n s t i t u e n t s  i n  
t h e  Mar t i an  atmosphere would b e  a  ve ry  s m a l l  pe r cen t age  o f  t h e  
t o t a l  p r e s s u r e ,  t h i s  e q u a t i o n  shou ld  app ly  i n  t h e  p r e s e n t  sys tem.  
With t h e  gas v a r i a b l e s  s e t  a s  above,  PE w i l l  e qua l  approx imate ly  
106 mm Hg. 
The expe r imen t a l  d a t a  of Burch has  been s t u d i e d  t o  de te rmine  t h e  
optimum c e n t e r  wavelength ,  and i t  appea r s  t o  be  4 . 2 7  mic rons ,  
w i t h  t h e  50-percent-of-maximum-transmission p o i n t s  a t  4 .23 and 
4.31 microns.  The d a t a  was then reduced t o  g r a p h i c a l  d a t a  
shown i n  F ig .  3 -1 .  This  graph shows .fA(V)dV v s .  C02 c o n c e n t r a t i o n  
over t h e  range of i n t e r e s t .  SA(V)dV may be conver ted  t o  t h e  
abso rp t ion  f a c t o r  through d i v i s i o n  by 55, which i s  t h e  bandwidth 
i n  cm- l .  F u r t h e r  convers ion  t o  p e r c e n t  a b s o r p t i o n  may be  
accomplished through m u l t i p l i c a t i o n  by 100.  From t h e  g raph ,  it 
can be seen  t h a t  f o r  every 0 .01  atm-cm c o n c e n t r a t i o n  change of  
C02, t h e r e  w i l l  be an a b s o r p t i o n  change of  2.73 p e r c e n t  i n  t h e  
v i c i n i t y  of 007 atm-cm c o n c e n t r a t i o n .  This  c o n c e n t r a t i o n  change 
i s  e q u i v a l e n t  t o  a  C02 p a r t i a l  p r e s s u r e  change of 0.001 atm i n  a  
10-cm p a t h - l e n g t h  c e l l .  
Three modes of o p e r a t i o n  f o r  an ins t rument  have been cons ide red :  
a  two-wavelength, s  ingle-beam mode; a  s i ng l e -wave leng th ,  d u a l -  
beam mode wi th  a  r e f e r e n c e  c e l l ;  and a  two-wavelength, dual-beam 
mode. 
The two-wavelength,  s ing le -beam mode would d e t e c t  changes i n  
C02 by a l t e r n a t e l y  sampling a b s o r p t i o n  i n  t h e  gas sample c e l l  a t  
two wavelengths .  One wavelength would be  t h e  C02 a b s o r p t i o n  
wavelength,  and t h e  o t h e r  must be s e l e c t e d  i n  a  nearby i n f r a r e d  
"window" ( 3 . 5  t o  4.15 microns) .  The l a t t e r  would be used as a  
r e f e r e n c e  and must n o t  p r e s e n t  any change i n  a b s o r p t i o n  
c h a r a c t e r i s t i c s  due t o  any p o s s i b l e  c u l t u r e - g e n e r a t e d  gase s .  
However, t h e  wavelengths a v a i l a b l e  f o r  window o p e r a t i o n  f a l l  i n  
a  r e g i o n  where methane abso rp t ion  i s  sma l l  b u t  broad i n  spec t rum.  
Also,  n i t r o u s  ox ide ,  a  p o s s i b l e  b u t  u n l i k e l y  gas ,  absorbs  a t  t h e  
window wavelength .  
The s ing l e -wave leng th ,  dual-beam mode would d e t e c t  changes i n  
C02 by a l t e r n a t e l y  sampling t h e  a b s o r p t i o n  between a  sample c e l l  
and a  gas r e f e r e n c e  c e l l .  The a b s o r p t i o n  wavelength,  a g a i n ,  
WAVELENGTH: 4 . 2 2 ~  TO 4 . 3 2 ~  
(2315 cm-' TO 2 3 7 0  cm- I  ) 
PATH LENGTH: 10 cm 
TOTAL PRESSURE: 100 TO 107 mm Hg 
would be a t  4 .27  m i c r o n s .  T h i s  mode i s  u s e d  i n  F i g .  3 - 2 ,  which 
shows a  l a y o u t  o f  a  f l i g h t - c o n f i g u r e d  s y s t e m .  
The two-wave leng th ,  dua l -beam mode would d e t e c t  C 0 2  by t h e  same 
method a s  t h e  s i n g l e - w a v e l e n g t h ,  dua l -beam mode and c o u l d  a l s o  
b e  u s e d  f o r  d e t e c t i o n  of  o t h e r  g a s e s  by u s i n g  t h e  s e c o n d  wave- 
l e n g t h  c e n t e r e d  on a  d i f f e r e n t  a b s o r p t i o n  maximum. The s y s t e m  
d e s i g n  would be  more c o m p l i c a t e d  by t h e  r e q u i r e m e n t  o f  i n s e r t i n g  
a l t e r n a t e l y  d i f f e r e n t  f i l t e r s  i n  f r o n t  of  a  s i n g l e  d e t e c t o r ,  
o r  o f  u s i n g  a  second  d e t e c t o r ,  p r o p e r l y  f i l t e r e d  and l o c a t e d  
a d j a c e n t  t o  t h e  o t h e r  d e t e c t o r .  
C o n s i d e r a t i o n s  o f  power,  s p a c e  and w e i g h t  have  l e d  t o  s e l e c t i o n  
of a  1000°C b lackbody  i n f r a r e d  s o u r c e  w i t h  a  1.5mm a p e r t u r e .  
P l a n c k ' s  e q u a t i o n  i s  
where W = t h e  r a d i a t i o n  e m i t t e d  by a  b l a c k  body p e r  u n i t  
s u r f a c e  a r e a  p e r  u n i t  wave leng th  i n t e r v a l  i n t o  a  
hemisphere  
T = t h e  a b s o l u t e  t e m p e r a t u r e  i n  d e g r e e s  K e l v i n  
X = wave leng th  of  e m i t t e d  r a d i a t i o n  i n  cm 
c  = 3.7402 x  10 - I 2  wa t t - cm 2 1 
C ,  = 1.43848 cm-deg 
The e q u a t i o n  may be  n u m e r i c a l l y  o r  g r a p h i c a l l y  i n t e g r a t e d  o v e r  
t h e  wave leng th  r e g i o n  o f  4.22 t o  4.32 m i c r o n s .  The r e s u l t  is a 
t o t a l  power r a d i a t e d  i n t o  a  hemisphere  o f  2 .25 x  1 0 - I  w a t t s  p e r  

s q u a r e  c e n t i m e t e r  o f  a p e r t u r e .  The t o t a l  r a d i a t i o n  from t h e  I I 
s e l e c t e d  b lackbody i s :  I 
2 .25 x 1 0 - I  wa t t s / cm2  x T ( o " ~ ) '  cmZ = 2.98 x  w a t t s  4  
An e v a l u a t i o n  o f  a v a i l a b l e  uncoo led  d e t e c t o r s  u s a b l e  a t  t h e  
wave leng th  of  i n t e r e s t  h a s  i n d i c a t e d  l e a d  s e l e n i d e  t o  be t h e  
b e s t  c h o i c e  t o  per form t h e  d e s i r e d  o p e r a t i o n .  A r e p o r t  by 
Johnson ,  e t  a ~ . ~ ,  shows t h a t  maximum D* ( d e t e c t i v i t y )  o c c u r s  a t  
I 
t h e  d e s i r e d  wavelength  f o r  C02 c o n c e n t r a t i o n  change d e t e c t i o n .  
A l so ,  c o n v e r s a t i o n  w i t h  one  d e t e c t o r  m a n u f a c t u r e r  r e v e a l e d  t h a t  
I 
a  l e a d  s e l e n i d e  d e t e c t o r  h a s  s u r v i v e d  175°C f o r  s e v e r a l  h o u r s ,  
and t h a t  t h e  d e v i c e  a p p e a r s  c a p a b l e  o f  w i t h s t a n d i n g  t h e  ex tended  I 
13S°C s t e r i l i z a t i o n  c y c l e s .  I 
R e f e r r i n g  to '  F i g .  3 - 2 ,  i t  can  b e  s e e n  t h a t  a  b e a m - d e f l e c t i n g  
o p t i c a l  chopper  i s  r e q u i r e d  a t  t h e  f i r s t  image p o i n t  of t h e  
s o u r c e  i n  o r d e r  t o  p a s s  t h e  i n f r a r e d  a l t e r n a t e l y  th rough  t h e  
sample  and r e f e r e n c e  c e l l .  A t u n i n g - f o r k  chopper  f i t t e d  w i t h  a  
m i r r o r  4mm l o n g  and 2mm wide  can  b e  u s e d  t o  p e r f o r m  t h i s  
o p e r a t i o n .  S i z e  c o n s i d e r a t i o n s  and r e q u i r e d  chopping  f r e q u e n c i e s  
f o r  t h e  d e t e c t o r  s e t  t h e  chopping  r a t e  a t  1000 Hz. 
Due t o  t h e  l a r g e  number o f  o p t i c a l  components i n  t h e  sys t em,  i t  
i s  n e c e s s a r y  t h a t  a l l  window m a t e r i a l s  have  a  h i g h  t r a n s m i t t a n c e  
I 
and t h a t  t h e  m i r r o r s  have  a  h i g h  r e f l e c t i v i t y .  T h i s  r equ i remen t  
may be  met by h a v i n g  t h e  l e n s e s  and windows f a b r i c a t e d  o f  
I 
p o l y c r y s t a l l i n e  magnesium f l u o r i d e .  The m i r r o r s  may be a  g o l d  
l a y e r  o v e r  any s u i t a b l e  s u b s t r a t e  c o m p a t i b l e  w i t h  t h e  r e s t  o f  
I 
t h e  i n s t r u m e n t  . I 
I 5 ~ .  H .  Johnson,  H .  T .  Cozine ,  and B .  N .  McLean, "Lead S e l e n i d e  
D e t e c t o r s  f o r  Ambient Tempera ture  O p e r a t i o n " ,  A p p l i e d  O p t i c s ,  - 
Vol.  4 ,  No. 6 ,  J u n e  1965,  pp 693-696. J 
The s y s t e m  i l l u s t r a t e d ,  u s i n g  c e l l s  c h a r g e d  w i t h  g a s e s  as  
men t ioned ,  w i l l  have  an o p t i c a l  e f f i c i e n c y  o f  a p p r o x i m a t e l y  50  
p e r c e n t .  However, t h e  s y s t e m  must be  purged  o f  a l l  C02, w i t h  
t h e  e x c e p t i o n  o f  t h e  r e f e r e n c e  and sample  c e l l s .  The e f f e c t i v e  
f number of t h e  f i r s t  l e n s  i s  f 4 .  T h e r e f o r e ,  t h e  r a d i a n t  power 
e n t e r i n g  t h e  o p t i c a l  s y s t e m  w i l l  be  r educed  from t h a t  l e a v i n g  
t h e  s o u r c e  by a  f a c t o r  o f  a p p r o x i m a t e l y  8  x  The power 
e n t e r i n g  t h e  s y s t e m  i s :  
3 .98  x  w a t t s  x  8 x  = 3.18  x  l o - '  w a t t s  
C o n s i d e r i n g  t h e  50 p e r c e n t  e f f i c i e n c y  of  t h e  o p t i c a l  sys t em,  t h e  
power a t  t h e  d e t e c t o r  w i l l  b e :  
3 .18 x l o - '  w a t t s  x  0 . 5  = 1 . 5 9  x l o - '  w a t t s  
R e f e r e n c e  t o  ~ o h n s o n ~  shows t h e  D* a t  4 . 2 7  mic rons  and lOkHz o f  
a t y p i c a l  l e a d  s e l e n i d e  d e t e c t o r  o p e r a t i n g  a t  283OK t o  b e  
a p p r o x i m a t e l y  1 . 8  x l o l o  c m - ~ z ' / ~ / w a t t .  C o n s u l t a t i o n  w i t h  
m a n u f a c t u r e r s  i n d i c a t e s  t h a t  t h i s  f i g u r e  i s  s l i g h t l y  h i g h ,  and  
9  t h a t  D* a t  t h e  same w a v e l e n g t h ,  b u t  a t  1 kHz, may b e  n e a r  4 x 10 . 
The f r e q u e n c y  o f  1 kHz f o r  t h e  l a t t e r  i s  t h e  same a s  s u g g e s t e d  
above f o r  t h e  i n s t r u m e n t  d e s i g n .  T h e r e f o r e ,  4 x 10' w i l l  be 
assumed t o  be  a  v a l i d  f i g u r e .  
A d e t e r m i n a t i o n  o f  p e r c e n t  o f  power a b s o r p t i o n  d e t e c t a b l e  may 
b e  d e r i v e d  by c o n v e r t i n g  D* t o  a n o t h e r  f i g u r e  o f  m e r i t ,  Noise  
E q u i v a l e n t  Power (NEP), a s  f o l l o w s :  
NEP = (A Af)1/2 D* 
where A = t h e  d e t e c t o r  a r e a  and i s  4 x l o - '  cm2 f o r  a  s t a n d a r d  
d e t e c t o r  
Af = t h e  bandpass of  t h e  d e t e c t o r  e l e c t r o n i c s  system and 
w i l l  be assumed t o  be 5 H z  
The c a l c u l a t e d  NEP i s  1 . 1 2  x 10 - 10 w a t t s ,  which i s  t h e  minimum 
rms power change t h a t  can be d e t e c t e d  by t h e  d e t e c t o r .  The 
p e r c e n t  of  normally i n c i d e n t  power a t  t h e  d e t e c t o r  t h a t  can be 
absorbed and recognized a s  a  change i s :  
1 . 1 2  x 1 0  
- l o  wat t s  x 100 = 7 . 0 4 4  x % 
1.59 x w a t t s  
A s  p r e v i o u s l y  s t a t e d ,  a  0 .01  atm-cm c o n c e n t r a t i o n  change of C02 
w i l l  p rov ide  an a b s o r p t i o n  change of 2.73 p e r c e n t .  I f  a  10-cm 
p a t h - l e n g t h  c e l l  i s  used,  t h i s  c o n c e n t r a t i o n  change i s  e q u i v a l e n t  
t o  a  p a r t i a l  p r e s s u r e  change of 0 .001 atmosphere.  The r a t e  of 
a b s o r p t i o n  change i s  then  2730 p e r c e n t  p e r  atmosphere.  The 
minimum d e t e c t a b l e  p a r t i a l  p r e s s u r e  change i s  
7.044 x 
3  = 2.566 x atm 2.37 x 10 %/atm 
The equa t ion  of s t a t e  f o r  an i d e a l  gas may be e v a l u a t e d  t o  
determine t h e  minimum d e t e c t a b l e  number of  gram moles of  g a s .  
The equa t ion  i s :  
where P = t h e  p a r t i a l  p r e s s u r e  o f  t h e  C02, and i n  t h i s  c a s e  
i s  t h e  p a r t i a l  p r e s s u r e  change of  2 .566 x l o m 7  atm 
V = t h e  c e l l  volume,  which i s  0 .004 l i t e r s  
n  = t h e  number o f  gram moles change c a u s i n g  t h e  p a r t i a l  
p r e s s u r e  change 
- 
R = t h e  u n i v e r s a l  gas  c o n s t a n t  0 .08206 a t m - l i t e r s /  
gram mole-OK 
T = t h e  a b s o l u t e  t e m p e r a t u r e ,  and i n  t h i s  c a s e  i s  
283OK 
The gram mole change i s :  
p v  = n = -  (2 .566 x  10-  ' atm) (0 .004 l i t e r s )  FT (0 .08206 a t m - l i t e r s / g r a m  mole-OK)(283"K) 
n  = 4.418 x 10 -I1 gram moles 
T h i s  d e t e c t a b l e  change  i s  f o r  t h e  d e t e c t o r  o n l y  and c o u l d  b e  
d e c r e a s e d  by an  o r d e r  o f  magni tude  by t h e  d e t e c t o r  e l e c t r o n i c s  
and  t h e  d a t a  p r o c e s s i n g  e l e c t r o n i c s .  A d d i t i o n a l  r e d u c t i o n  i n  
t h e  s y s t e m  d e t e c t i o n  c a n  be  e x p e c t e d  when t h e  C02 d i s s o l v e s  i n  
t h e  w a t e r  medium and i s  n o t  p r e s e n t  i n  t h e  gas  c e l l .  However, 
t h e  r e d u c t i o n  i s  minimal  and  i s  d i s c u s s e d  i n  p a r a g r a p h  3 .2 ,  
be low.  
3 .2  C02 SOLUBILITY I N  WATER 
The q u e s t i o n  o f  e v o l v e d  C02 d i s s o l v i n g  i n  w a t e r  and n o t  b e i n g  
d e t e c t e d  i n  t h e  i n f r a r e d  c e l l  can  b e  answered by c a l c u l a t i o n s  
b a s e d  on H e n r y ' s  Law. To c a l c u l a t e  t h e  s p l i t  be tween gas  and 
l i q u i d  phases  f o r  C 0 2  i n  e q u i l i b r i u m  w i t h  w a t e r ,  a n  i d e a l  s o l u -  
t i o n  w i l l  b e  u s e d .  T h i s  i s  r e a s o n a b l e ,  s i n c e  t h e  s o l u t i o n  i s  
d i l u t e d  and t h e  g a s - p h a s e  p r e s s u r e  i s  v e r y  low. Using  10°C a s  
t h e  t e m p e r a t u r e ,  handbook v a l u e s  show C 0 2  s o l u b i l i t y  t o  b e :  
A t  a  C 0 2  p a r t i a l  p r e s s u r e  o f  760mm, t h e  mole f r a c t i o n  i s  
To e x t r a p o l a t e  t h i s  d a t a  t o  a  l o w e r  p r e s s u r e ,  t h e  H e n r y ' s  Law 
c o n s t a n t ,  K H ,  c an  b e  u s e d .  T h i s  i s  d e f i n e d  a s  
where Pi = t h e  p a r t i a l  p r e s s u r e  
Xi = mole f r a c t i o n  
o f  t h e  ith component.  I n  t h i s  c a s e  
Now, t o  c a l c u l a t e  t h e  s p l i t  o f  C 0 2  be tween t h e  two p h a s e s ,  a  
s i t u a t i o n  c l o s e  t o  t h e  geometry and  c o n d i t i o n s  o f  a  Mars e x p e r i -  
ment i s  assumed. (See F i g .  3 - 3 . )  
Geometry = 5 c c  gas 
I n i t i a l  = 6 mb C02 i n  gas  
a t  10°C and e q u i l i b r i u m  
2 c c  SATURATED 
= 7 mb C02 i n  gas SOLUTION 
a t  10°C and e q u i l i b r i u m  
F i g .  3 - 3  Assumed Geometry and Condi t ions  f o r  Sample C e l l  
From t h e  Henry ' s  Law c o n s t a n t ,  t h e  l i q u i d  f r a c t i o n  of  C02 i s  
Changing t h i s  t o  s t a n d a r d  c c ,  we have 
Zcc H20, o r  0 . 1 1 1  moles o f  H 2 0 .  
S ince  t h e r e  a r e  2 . 2 4 1 4  x l o 4  s t d  c c  p e r  mole,  t h e n  a t  6 mb, t h e  
gas volume e q u i v a l e n t  of  d i s s o l v e d  C02 i s  
v R = 1 .398  x l o - '  s t d  cc a t  6  mb 
e q ~ o ,  
v R = 1 . 6 2 8  x l o - '  s t d  c c  a t  7 mb 
e q ~ 0 2  
and 
AV R = 2.30 x l o m 3  s t d  c c  from 6-7 mb 
e q ~ ~ ,  
For t h e  gas  p h a s e ,  t h e  change  i s  an i n c r e a s e  o f  1 mb p a r t i a l  
p r e s s u r e .  T h i s  c o r r e s p o n d s  t o  
C o r r e c t i n g  f o r  t e m p e r a t u r e  
The t o t a l  gas  r e q u i r e d  t o  go from 6 t o  7 mb a t  e q u i l i b r i u m  i s  
= 7.05 x s t d  c c  
Thus, t h e  p e r c e n t a g e s  a r e  
4 . 7 5  x 100 = 67 .4  p e r c e n t  Gas = -7.05 
2 * 3 0  x 100 = 32 .6  p e r c e n t  L i q u i d  = -7 .05  
o r  a p p r o x i m a t e l y  t w o - t h i r d s  o f  t h e  C02 goes i n t o  t h e  gas  p h a s e  
a t  e q u i l i b r i u m .  T h i s  r e l a t i o n s h i p  h o l d s  a t  any low p r e s s u r e  
s i n c e  i d e a l  s o l u t i o n s  show t h e  l i n e a r  s o l u b i l i t y - v e r s u s - p r e s s u r e  
r e l a t i o n s h i p  (Henry ' s  Law) . 
T h e r e f o r e ,  an  I R  s e n s o r  above t h e  l i q u i d  would s e e  t w o - t h i r d s  o f  
t h e  C02 g e n e r a t e d ,  and i t s  s e n s i t i v i t y  would b e  degraded  by o n l y  
o n e - t h i r d .  T h i s  argument assumes e q u i l i b r i u m  and a  pH of  7 . 0 .  
Obv ious ly ,  a n  a l k a l i n e  s o l u t i o n  w i l l  have  more e f f e c t ,  s i n c e  
C02 i s  more s o l u b l e  a s  t h e  s o l u t i o n  becomes more a l k a l i n e .  
I n  r e a l i t y ,  t h e  s i t u a t i o n  w i l l  b e  even  b e t t e r  f o r  a c t u a l  
s e n s i t i v i t y  t h a n  t h a t  shown. I f  we can  a g a i n  u s e  w a t e r  a t  a 
pH of  7 ,  a  r e a l  s i t u a t i o n  w i l l  be more l i k e  t h a t  shown i n  
F i g .  3 -4  be low.  
SOIL a I cc H 2 0  
Icc H 2 0  SOLUTION 
F i g .  3 - 4  Sugges ted  Sample C e l l  C o n f i g u r a t i o n  
3 - 1 5  
I n  t h i s  c a s e ,  o n l y  h a l f  o f  t h e  w a t e r  i s  i n  c o n t a c t  w i t h  t h e  s o i l ,  
and p resumably ,  most o f  t h e  organisms p r o d u c i n g  C02 w i l l  b e  i n  
t h e  s o i l .  Thus we can  assume t h a t  o n l y  h a l f  o f  t h e  w a t e r  comes 
i n  d i r e c t  c o n t a c t  w i t h  t h e  C02 g e n e r a t e d ,  and t h e  o t h e r  h a l f  w i l l  
be  s a t u r a t e d  w i t h  C02 by a  d i f f u s i o n  p r o c e s s .  I f  t h i s  i s  t h e  
c a s e  (and  i t  i s  a c t u a l l y  c l o s e r  t o  r e a l i t y  t h a n  t h e  s i t u a t i o n  
p r e v i o u s l y  c i t e d ) ,  t h e  amount o f  C02 g o i n g  t o  t h e  l i q u i d  p h a s e  
w i l l  b e  a p p r o x i m a t e l y  o n e - h a l f  of  t h e  p r e v i o u s  c a l c u l a t i o n .  
T h i s  i s  t r u e  s i n c e  t h e  gas  above and t h e  l i q u i d  below t h e  
s o i l / w a t e r  sample  w i l l  r e c e i v e  t h e  C02 by a  d i f f u s i o n  p r o c e s s .  
R e p r e s e n t a t i v e  d i f f u s i o n  c o e f f i c i e n t s  f o r  g a s  and l i q u i d  d i f f u s i o n  7 
show t h a t  a d i f f u s i o n  p r o c e s s  i n  gas  i s  f o u r  o r d e r s  of  magn i tude  
f a s t e r  t h a n  d i f f u s i o n  i n  l i q u i d s .  A s  a  consequence ,  a s  t h e  C 0 2  
e v o l v e s ,  t h e  gas  p h a s e  above w i l l  s e e  t h e  change  r a p i d l y ,  whereas  
t h e  l i q u i d  below t h e  s o i l  w i l l  l a g  b e h i n d  s u c h  t h a t  i t s  change  
w i l l  b e  e f f e c t i v e l y  z e r o  i n  a  s h o r t  t i m e .  
Thus ,  f o r  a  r e a l  s y s t e m ,  t h e  I R  s e n s i t i v i t y  w i l l  d e g r a d e  by l e s s  
t h a n  20 p e r c e n t  f o r  measur ing  changes  i n  C02 c o n c e n t r a t i o n  i n  t h e  
g a s  above a  c u l t u r e ,  assuming a  pH o f  7 .  
'R, B .  B i r d ,  W .  E .  S t e w a r t ,  and  E .  N .  L i g h t f o o t ,  T r a n s p o r t  
Phenomena, New York,  John  Wiley 6 Sons ,  I n c . ,  1960,  p p .  495-516.  
S e c t i o n  4 
E L E C T R O N 1  CS 
4 . 1  DETECTOR ELECTRONICS 
The e l e c t r o n i c s  u s e d  t o  t e s t  t h e  e a r l y  s c a t t e r  c e l l s  were t h e  
1 
same a s  t h o s e  deve loped  f o r  t h e  o r i g i n a l  W o l f t r a p  . These  
e l e c t r o n i c s  c o n v e r t e d  t h e  d e t e c t o r  c u r r e n t  ( I  ) i n t o  a  p r o p o r -  . d  
t i o n a l  v o l t a g e  by u s i n g  a n  o p e r a t i o n a l  a m p l i f i e r  i n  a  t r a n s -  
r e s i s t a n c e  mode. The d e t e c t o r  c u r r e n t ,  g e n e r a t e d  by a  l i g h t  
s e n s i t i v e  d i o d e  d e t e c t o r ,  was p r o p o r t i o n a l  t o  t h e  t u r b i d i t y  o f  
t h e  t e s t  s o l u t i o n  i n  t h e  s c a t t e r  c e l l .  A s c h e m a t i c  r e p r e s e n t a -  
t i o n  f o r  t h e  e l e c t r o n i c s  i s  shown i n  F i g .  4 -1 .  
I n  e v e r y  s c a t t e r  c e l l  t e s t e d  t h e r e  e x i s t e d  some ambient  l i g h t  
l e v e l  i n d e p e n d e n t  o f  t h e  s o l u t i o n ' s  c h a r a c t e r i s t i c s .  The ambien t  
l i g h t  imping ing  upon t h e  d e t e c t o r  r e s u l t e d  from i m p e r f e c t i o n s  i n  
t h e  o p t i c a l  f o c u s i n g  o f  t h e  s c a t t e r  c e l l .  Not a l l  t h e  l i g h t  
e n t e r i n g  t h e  s c a t t e r  c e l l  l e f t  i t  a t  a  c e n t r a l  f o c u s  p o i n t ,  b u t  
r a t h e r  some o f  t h e  l i g h t  became s c a t t e r e d  o n t o  t h e  s c a t t e r  
d e t e c t o r  i n  t h e  absence  o f  any s c a t t e r i n g  p a r t i c l e s .  T h i s  l i g h t  
c a u s e d  a  d i o d e  c u r r e n t  t o  be  g e n e r a t e d  t h a t  i s  r e f e r r e d  t o  a s  
background ( I  ) The background l i g h t  was s e v e r a l  o r d e r s  o f  bg 
magn i tude  l a r g e r  t h a n  t h e  e x p e c t e d  t u r b i d i t y  i n f o r m a t i o n .  A 
summing r e s i s t o r  was added t o  t h e  o r i g i n a l  e l e c t r o n i c s  t o  zerc 
o u t  t h e  background c u r r e n t  i n  t h e  t r a n s - r e s i s t a n c e  c i r c u i t ,  as 
shown s c h e m a t i c a l l y  i n  F i g .  4 - 2 .  
'BBRC, F i n a l  R e p o r t  E n g i n e e r i n g  Breadboard  Model, W o l f t r a p  
Microbe D e t e c t i o n  Device ,  F65-6 ,  S e p t  8 ,  1965,  p p .  6 - 3  f f .  
This  method was used f o r  e a r l y  t e s t s ;  however, i t  was q u i c k l y  
determined t h a t  t h e  v a l u e  o f  E l  had t o  be changed a t  t h e  beg inn ing  
of each t e s t  run .  S ince  t h e  t empera ture  of  t h e  system and t h e  
f l u x  ou tpu t  of t h e  l i g h t  sou rce  were h e l d  c o n s t a n t ,  t h i s  meant 
t h a t  t h e  o p t i c a l  p r o p e r t i e s  of  t h e  s c a t t e r  c e l l  were dependent 
upon t h e  f l u i d  i n t roduced  i n t o  i t .  Subsequent t e s t  v e r i f i e d  
t h i s  and showed a wide dynamic range w i t h  t h e  change of back-  
ground l i g h t i n g .  These t e s t s  f u r t h e r  proved t h a t  t h e  o p t i c a l  
p r o p e r t i e s  a r e  o f t e n  t ime-dependent ( t h e  gaseous con ten t  of t h e  
s o l u t i o n  was g e n e r a l l y  blamed f o r  t h e  t ime  dependency).  The 
b e s t  method f o r  running t e s t s  under t h e s e  c o n d i t i o n s  was found 
t o  be: 
1 )  Induce a s t e r i l e  f l u i d  media i n t o  t h e  s c a t t e r  
c e l l  and a l low s e v e r a l  hours  s e t t l i n g  t ime .  
2) Balance ou t  t h e  background w i t h  E l  a f t e r  t h e  
s e t t l i n g  t ime .  
Performing t h e  t e s t s  i n  t h i s  manner y i e l d e d  t e s t  r e s u l t s  of  
3 4 10 t o  10 organisms p e r  m i l l i l i t e r  when t e s t i n g  w i th  E .  C o l i .  
A second problem was exper ienced  du r ing  tempera ture  c y c l i n g .  
Large changes i n  d e t e c t o r  ou tpu t  occur red  over  a t empera ture  
change of 20°C. The changes were p r o p o r t i o n a l  t o  t h e  e l e c t r o n i c  
ga in .  S ince  t h e  goa l  of t h e  p r e s e n t  de s ign  was t o  i n c r e a s e  
s e n s i t i v i t y ,  t h e  t empera ture  dependence was no t  a c c e p t a b l e .  
Temperature compensation was achieved by c o n t r o l l i n g  t h e  l i g h t  
f l u x  t o  t h e  s c a t t e r  c e l l ,  as  shown i n  F ig .  4 - 3 .  
Fig. 4-1 Schematic for Scatter Cell Electronics 
WHERE El R f  = Id = I b g  
-
Fig. 4-2 Background-Compensated Scatter Cell Electronics 
- - 
Fig. 4-3 Temperature-Compensated Scatter Cell Electronics 
The i l l u m i n a t i n g  s o u r c e  f o r  t h e  s c a t t e r  c e l l  i s  a  t u n g s t e n  
f i l a m e n t  lamp. I t s  s p e c t r a l  c o n t e n t  and i n t e n s i t y  a r e  f u n c t i o n s  
of  t h e  a b s o l u t e  t e m p e r a t u r e  o f  t h e  f i l a m e n t .  I n  t h e  p a s t ,  t h e  
lamp power i n p u t  was used  t o  compensate  f o r  d e t e c t o r  c u r r e n t  
e r r o r s  due t o  t e m p e r a t u r e  v a r i a t i o n s .  A c l o s e d - l o o p  c i r c u i t  
s i m i l a r  t o  F i g .  4 - 3  was u s e d  t o  c o n t r o l  t h e  s o u r c e .  
R1, R 2  and E were s e l e c t e d  s o  t h a t  t h e . l a m p  normal ly  conduc ted  
a p p r o x i m a t e l y  100 m i l l i a m p e r e s .  S i n c e  t h e  lamp i r r a d i a t e d  b o t h  
t h e  c o n t r o l  d e t e c t o r  and t h e  s c a t t e r ,  and b o t h  d e t e c t o r s  were  
h e l d  a t  t h e  same t e m p e r a t u r e ,  i t  was f e l t  t h a t  b o t h  would r e c e i v e  
c o n s t a n t  i l l u m i n a t i o n  independen t  o f  t h e  envi ronment  t e m p e r a t u r e .  
As t h e  envi ronment  t e m p e r a t u r e  i n c r e a s e d ,  l a r g e r  c u r r e n t s  f o r  t h e  
same l i g h t  f l u x  i n  t h e  c o n t r o l  d e t e c t o r  would d e c r e a s e  t h e  
w a t t a g e  a v a i l a b l e  t o  t h e  lamp. T h i s  a l t e r e d  t h e  s p e c t r a l  c o n t e n t  
a s  w e l l  a s  t h e  s o u r c e  i n t e n s i t y .  T h i s  r e s u l t i n g  change i s  n o t  
bad i n  i t s e l f  i f  t h e  c o u p l i n g  media between t h e  s o u r c e  and t h e  
d e t e c t o r s  a r e  s p e c t r a l l y  i d e n t i c a l  i n  b o t h  c a s e s .  However, p a s t  
t e s t  s e t u p s  have  n o t  accoun ted  f o r  t h e  media d i f f e r e n c e .  The 
medium f rom t h e  s o u r c e  t o  t h e  c o n t r o l  d e t e c t o r  was a i r ,  w h i l e  
t h a t  f rom t h e  s o u r c e  t o  t h e  t u r b i d i t y  d e t e c t o r  was an aqueous 
s o l u t i o n .  C o n s i d e r i n g  t h e  a b s o r p t i o n  band o f  w a t e r  a t  0 .97  
microns  ( s e e  F i g .  4-4)  w i t h  r e s p e c t  t o  t h e  d e t e c t o r  and lamp 
s p e c t r a l  c h a r a c t e r i s t i c s ,  i t  becomes a p p a r e n t  t h a t  t h e  
c o r r e s p o n d e n c e  between t h e  two d e t e c t o r  i l l u m i n a t i o n s  i s  n o t  
1 - t o - 1 .  The c o n t r o l  o f  t h e  l i g h t  s o u r c e  w i t h  a  secondary  
d e t e c t o r  does  n o t  seem t o  be an optimum approach  e x c e p t  i n  a  
c a s e  where t h e  c o u p l i n g  media a r e  i d e n t i c a l .  The u s e  o f  




Fig. 4-4 System Spectral Characteristics 
T e s t i n g  of  t h e  s c a t t e r  c e l l s  w i t h  t h e  p r e v i o u s  t e m p e r a t u r e  and  
background compensa t ion  sys t ems  p r o v e d  u n s a t i s f a c t o r y .  The 
c o n c l u s i o n  r e a c h e d  from t h e  t e s t  a n a l y s i s  was t h a t  t h e  o r i g i n a l  
d e s i g n  must b e  m o d i f i e d ,  e s p e c i a l l y  f o r  t h e  h i g h  g a i n s  r e q u i r e d  
f o r  t h e  d e s i r e d  i n c r e a s e  i n  s e n s i t i v i t y .  I n  t h e  f i n a l  a n a l y s i s ,  
t h e  ma jo r  problem was t h a t  t h e  d e t e c t o r  e l e c t r o n i c s  were  
s i n g l e - e n d e d .  T h a t  i s ,  t h e r e  was no r e f e r e n c e  s i g n a l  t h a t  was 
a  f u n c t i o n  o f  t h e  t h e r m a l  o r  o p t i c a l  env i ronment .  Thus ,  a n  e r r o r  
s i g n a l  o c c u r r i n g  because  o f  a  t h e r m a l  o r  o p t i c a l  change a p p e a r e d  
i n  t h e  o u t p u t  a s  t u r b i d i t y  datum. 
I n  r e c o g n i t i o n  o f  t h i s  problem,  a  t r u e  d i f f e r e n t i a l  s c a t t e r  c e l l  
was t r i e d .  T h i s  means t h a t  a  d e t e c t o r  s h o u l d  b e  p r o v i d e d  f o r  t h e  
r e f l e c t e d  n o n s c a t t e r e d  l i g h t .  I n  a d d i t i o n ,  t h e  p a t h  l e n g t h  and 
media f o r  t h i s  d e t e c t o r  must be  i d e n t i c a l  t o  t h o s e  o f  t h e  
s c a t t e r e d  l i g h t .  Thus,  t h e  s p e c t r a l  c h a r a c t e r i s t i c s  o f  t h e  
r e f l e c t e d  l i g h t  would b e  t h e  same a s  f o r  t h e  s c a t t e r e d  l i g h t  
o v e r  t h e  t e m p e r a t u r e  r a n g e .  I n  a d d i t i o n ,  t h e  f l u i d  p r o p e r t i e s  
of  t h e  media would modify b o t h  r e f l e c t e d  and s c a t t e r e d  l i g h t  
i d e n t i c a l l y .  T h i s  r e f l e c t e d  l i g h t  t h e n  i l l u m i n a t e s  a  s e c o n d  
d e t e c t o r ,  which a c t s  a s  a  r e f e r e n c e  s o u r c e  f o r  d i f f e r e n t i a l  
measurement .  The two l i g h t  d e t e c t i n g  d i o d e s  must be h e l d  a t  
t h e  same t e m p e r a t u r e .  The s c a t t e r  c e l l  c o n f i g u r a t i o n  t h a t  was 
t e s t e d  i s  shown i n  F i g .  2 - 8 .  
The e l e c t r o n i c s  used  t o  t e s t  t h e  s c a t t e r  c e l l  a r e  shown i n  
F i g .  4 - 5 .  
F i g .  4-5  D i f f e r e n t i a l  S c a t t e r  C e l l  E l e c t r o n i c s  
I n  t h i s  c i r c u i t ,  R1 and  R 2  were  chosen  s o  t h a t  u n d e r  q u i e s c e n t  
c o n d i t i o n s  e o  would b e  z e r o .  T h i s  a l l o w s  a  d i f f e r e n t i a l  measure -  
ment u s i n g  d 2  a s  t h e  r e f e r e n c e .  The v o l t a g e  e q u a t i o n  f o r  e o  i s :  
w h e r e i  = i  d, bg,  + 
and A l  and  A 2  a r e  t h e  i n c r e m e n t a l  c u r r e n t s  c a u s e d  by s c a t t e r  due 
t o  t h e  t u r b i d i t y  o f  t h e  s o l u t i o n .  S u b s t i t u t i n g  f o r  i and i 
dl d 2  
t hen  
Thus, t h e  background c u r r e n t s  a r e  made equa l  and c a n c e l ,  w h i l e  
t h e  incrementa l  c u r r e n t s  sum. 
The d i f f e r e n t i a l  system was p u t  t o g e t h e r  t o  a t t empt  a  de s ign  
con f i rma t ion .  I t  was f e l t  t h a t  a  p rope r ly  ba lanced  d i f f e r e n t i a l  
sys tem should  remain s o  over  wide i l l u m i n a t i o n  changes .  B r i e f  
t e s t i n g  on t h e  model appeared encouraging;  however, t ime e x p i r e d  
b e f o r e  comprehensive t e s t s  cou ld  be performed.  
I n  summary, t h e  problems encounte red  u s i n g  t h e  o r i g i n a l  Wolf Trap 
e l e c t r o n i c s  r e q u i r e d  an a l t e r n a t e  approach.  A s i ng l e - ended  
sys tem t h a t  must p rocess  l a r g e  thermal  and o p t i c a l  e r r o r  sou rces  
wh i l e  accommodating smal l  s i g n a l s  cannot o p e r a t e  s u c c e s s f u l l y .  
The a n a l y s i s  and l i m i t e d  t e s t i n g  on t h e  d i f f e r e n t i a l  system 
looked promising,  and must be cons ide red  a s  a  s t r o n g  a l t e r n a t e  
de s ign  approach.  
4 . 2  ELECTRONIC NOISE 
I n  s c a t t e r  c e l l  t e s t i n g ,  a  de s ign  goa l  of l o 3  o r g a n i s m s / m i l l i l i t e r  
was used.  To ach ieve  t h i s  l i m i t  t h e  e l e c t r o n i c s  r e q u i r e  l o 8  ohm 
feedback r e s i s t o r s  i n  t h e  t r a n s - r e s i s t a n c e  c i r c u i t .  De tec to r  
c u r r e n t s  of  1 nanoamp produce a  v o l t a g e  ou tpu t  o f  100 m i l l i v o l t s .  
T e s t  d a t a  i n d i c a t e d  t h a t  0 . 5  nanoamp accuracy was r e q u i r e d  t o  
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s u c c e s s f u l l y  measure 10 organisms/ni i  l l i  l i t e r .  Opera t  ion  i n  t h i s  
c u r r e n t  range i s  d i f f i c u l t  b e c a u s e  of  t h e  l a r g e  n o i s e  s i g n a l  
g e n e r a t e d ,  p a r t i c u l a r 1 ) -  t h e  l / f  n o i s e  i n  t h e  d e t e c t i n g  d i o d e s .  
Noise v o l t a g e s  of  200 m i l l i v o l t s  p e a k - t o - p e a k  were e x p e r i e n c e d ,  
o r  c u r r e n t s  o f  2 nanoamperes .  Obv ious ly ,  under  t h e s e  c o n d i t i o n s ,  
t h e  d e s i r e d  s e n s i t i v i t y  canno t  be o b t a i n e d .  
I n  g e n e r a l ,  t h e  mean-squared  n o i s e  c u r r e n t  f o r  a  j u n c t i o n  d i o d e  
( e x c l u d i n g  l / f  n o i s e )  i s  g i v e n  b y :  
where e  = e l e c t r o n  c h a r g e  
I  = c u r r e n t  f l o w i n g  t h r o u g h  t h e  d i o d e  
Af = bandwidth  
I 0  = r e v e r s e  b i a s  l e a k a g e  c u r r e n t  
S i n c e  t h e  d e t e c t o r  d i o d e  h a s  a  l a r g e  s u r f a c e  a r e a ,  I b e c o ~ e s  
0 
l a r g e  and i s  i n  t h e  ne ighborhood  o f  5 yamps. Thus 
T h e r e f o r e  
For t h e  r e q u i r e d  s e n s i t i v i t y ,  e o  must be l e s s  t han  1 . 0  m i l l i v o l t  
due t o  n o i s e .  Then 
The re fo re ,  f o r  t h e  r e q u i r e d  s e n s i t i v i t y ,  t h e  d e t e c t o r  e l e c t r o n i c s  
should  be ope ra t ed  w e l l  above t h e  l / f  r eg ion  and have a  band- 
width  of l e s s  t han  2 5  c y c l e s .  Th is  a n a l y s i s  does n o t  c o n s i d e r  
t h e  r e f e r r e d  i n p u t  n o i s e  of t h e  o p e r a t i o n a l  a m p l i f i e r .  However, 
t h e  a m p l i f i e r  should  be ope ra t ed  above 1 H z  t o  l i m i t  i t s  l / f  
n o i s e .  S ince  t h e  a m p l i f i e r  i s  used i n  a  t r a n s - r e s i s t a n c e  mode, 
only  t h e  r e f e r r e d  i n p u t  v o l t a g e  shou ld  appear  a t  t h e  ou tpu t  
and t h i s  can be kep t  low a t  t h e  h i g h e r  f r e q u e n c i e s .  
The requirement  f o r  ac  o r  chopped o p e r a t i o n  r e q u i r e s  t h a t  t h e  
sou rce  be a l s o  capab le  o f  t h i s  t ype  o p e r a t i o n .  This r e q u i r e s  
e i t h e r  
1)  A mechanical  chopper f o r  a  t u n g s t e n  sou rce .  
2 )  A l i g h t - e m i t t i n g  sou rce  w i th  s u f f i c i e n t  
f requency response  t o  accommodate t h e  system, 
i . e . ,  a  l i g h t - e m i t t i n g  d iode .  
Opera t ion  on ac  a l s o  r e q u i r e s  t h a t  t h e  d e t e c t o r  have t h e  
r e q u i r e d  f requency response .  This  g e n e r a l l y  means t h a t  t h e  
diode must o p e r a t e  i n  t h e  s h o r t  c i r c u i t  mode and be  loaded wi th  
very  l i t t l e  c a p a c i t y .  
I n  summary, t h e  ach ieve  t h e  r e q u i r e d  s e n s i t i v i t y ,  dc o p e r a t i o n  
i s  n o t  adequa te .  The t u r b i d i t y  s i g n a l  must be chopped and 
demodulated t o  meet a  de s ign  goa l  of 1 0 '  t o  l o 3  organisms p e r  
m i l l i l i t e r .  
4 . 3  DATA HANDLING 
According t o  AS0 RFP A-14859AG-1, B - 7  t h e  " a n t i c i p a t e d  d a t a  
t r a n s m i s s i o n  a v a i l a b l e  f o r  l i f e  d e t e c t i o n  i n s t rumen t  i s  l o 4  b i t s . "  
4 The 1 0  b i t s  were i n t e r p r e t e d  t o  be t h e  t o t a l  f o r  a  30-day 
miss ion .  Th i s  l o 4  b i t s  must accommodate n o t  on ly  d e t e c t o r  d a t a ,  
b u t  a l s o  c o n t r o l  and housekeeping.  The fo l l owing  assumpt ions  
were made i n  e s t a b l i s h i n g  t h e  d a t a  h a n d l i n g  sys tem.  
1 )  No more t h a n  e i g h t  s c a t t e r  d e t e c t o r s  t o  moni to r  
i n  a  g iven  30-day p e r i o d .  
2) Each s c a t t e r  c e l l  measurement w i l l  be  made i n  
c o n j u n c t i o n  w i t h  a n o t h e r  independent  l i f e  
d e t e c t i o n  sys tem,  i . e . ,  I R  a b s o r p t i o n ,  pH, o r  
c o n d u c t i v i t y .  
3) C r i t i c a l  housekeeping f u n c t i o n s  s h a l l  be  
moni to red  and compared a g a i n s t  an on-board  
s t a n d a r d  and t r a n s m i t t e d :  
'a Only i f  a  no-go s i t u a t i o n  e x i s t s  du r ing  
a  measurement p e r i o d ,  
fa Every 4 t o  2 4  h r  p e r i o d  o f  o p e r a t i o n .  
4) N o n - c r i t i c a l  housekeeping f u n c t i o n s  s h a l l  be 
t r a n s m i t t e d  every  4 t o  2 4  hour  p e r i o d  o f  
o p e r a t i o n .  
5 )  To accommodate f o r  t h e  l a r g e  dynamic range  of  
t h e  s c a t t e r  o u t p u t ,  some form of  d a t a  com- 
p r e s s i o n  w i l l  be  used.  
S i n c e  no i n f o r m a t i o n  i s  a v a i l a b l e  concern ing  expec t ed  growth 
r a t e s  on Mars, i t  i s  d i f f i c u l t  t o  p i c k  a  f i x e d  t ime  sampl ing 
sys tem t h a t  would be optimum. A sys tem t h a t  would on ly  t r a n s -  
m i t  s i g n i f i c a n t  changes would b e s t  s a t i s f y  t h e  l i m i t e d  d a t a  
r a t e .  However, t h i s  sys tem does r e q u i r e  on-board  memory s o  
t h a t  p r ev ious  measurements can be  compared w i t h  new ones .  The 
s i z e  o f  t h e  on-board  memory would be a  f u n c t i o n  o f  t h e  b i t s  
r e q u i r e d  t o  adequa t e ly  d e s c r i b e  each  measurement.  Assuming 
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a  dynamic range of  <10 , t h e  word l e n g t h  r e q u i r e d  t o  r e p o r t  
back each one-quan ta  change i n  d a t a ,  u s i n g  t h e  n a t u r a l  l o g  - 
a r i t h m i c  base  a s  a  w o r s t  c a s e ,  would be 8  b i t s ,  c o n s i s t i n g  o f  
4 b i t s  f o r  t h e  c h a r a c t e r i s t i c  and 4 b i t s  f o r  t h e  m a n t i s s a .  
Thus, f o r  s i x t e e n  measurement p o i n t s  t h e  memory would r e q u i r e  
128 b i t s  t o  s t o r e  a  complete  d a t a  sample.  Th i s  s i z e  memory i s  
e a s i l y  implemented u s i n g  MOS FET s h i f t  r e g i s t e r s .  
The d a t a  h a n d l i n g  sys tem proposed  t h e n  i s  a s  f o l l o w s :  
1 )  D e t e c t o r  Outputs  - The d e t e c t o r  o u t p u t s  w i l l  
be  0-10 v o l t  s i g n a l s  w i t h  3 decades  o f  
r e s o l u t i o n .  A d d i t i o n a l  d i s c r e t e  d a t a  b i t s  
w i l l  r e p r e s e n t  g a i n  s e t t i n g s .  
2) Analog t o  Binary  Conversion - Each d e t e c t o r  
ana log  ou t pu t  w i l l  be c o n v e r t e d  t o  a  1 0 - b i t  
b i n a r y  word. Th i s  w i l l  y i e l d  + I 0  m i l l i v o l t s  
r e s o l u t i o n  f o r  t h e  ana log  d a t a .  
3 )  I n e  Genera to r  - The d e t e c t o r  b i n a r y  d a t a  and 
' d i s c r e t e  d a t a  w i l l  be  o p e r a t e d  upon t o  
g e n e r a t e  an 8 - b i t  i n e  r e p r e s e n t a t i o n  o f  t h e  
d a t a .  
4) I n e  Sampling - The i n e  d a t a  w i l l  be  s t o r e d  
and compared f o r  changes  a t  each measurement 
p o i n t .  A change o f  two o r  more i n  t h e  b i n a r y  
e q u i v a l e n t  o f  t h e  m a n t i s s a  w i l l  c a u s e  a  sample 
p o i n t  t o  be t r a n s m i t t e d .  
5 )  S c a t t e r  C e l l  Sampling - The s c a t t e r  c e l l  
s h a l l  be sampled a t  f i x e d  t ime  i n t e r v a l s .  The 
sample p e r i o d  s h a l l  b e  commandable. The 
maximum r a t e  w i l l  be  c o n s i s t e n t  w i t h  t h e  power 
budge t  a v a i l a b l e .  
6) Housekeeping Data  - T h i s  d a t a  s h a l l  n o t  exceed  
2048 b i t s  t o t a l  f o r  a  30-day p e r i o d .  Thus f o r  
each  2 4 - h r  p e r i o d ,  e i g h t  8 - b i t  words w i l l  b e  
a c q u i r e d .  
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S e c t i o n  5 
SYSTEM LIESCRIPTION 
Once t h e  g e n e r a l  s c i e n t i f i c  o o j  e c t i v e s  and t e c h n i q u e s  were  d e f i n e d ,  
t h e  e n g i n e e r i n g  d e s i g n  e f f o r t  was begun w i t h  t h e  aim o f  t r a n s l a t i n g  
t h e s e  o b j e c t i v e s  i n t o  a  m e c h a n i c a l  sys t em c a p a b l e  o f  p e r f o r m i n g  a l l  
t h e  n e c e s s a r y  t a s k s .  These t a s k s  were g rouped  i n t o  f o u r  m a j o r  
c a t e g o r i e s ,  e a c h  o f  which c o u l d  be  s e p a r a t e l y  modeled and  t e s t e d  
t o  p r o v e  f e a s i b i l i t y :  
1 )  S o i l  h a n d l i n g  and sample  d i s t r i b u t i o n  
2 )  L i q u i d  h a n d l i n g  and s o i l  e x t r a c t  p r e p a r a t i o n  
3) L i g h t  s c a t t e r  c e l l  
4 )  IR a b s o r p t i o n  c e l l  
I t  became a p p a r e n t  v e r y  e a r l y  t h a t  t h e  s c i e n t i f i c  o b j e c t i v e  o f  
c o n d u c t i n g  t h e  e x p e r i m e n t s  o v e r  a  s p a n  o f  n i n e t y  d a y s ,  t o g e t h e r  
w i t h  t i le c o n s t r a i n t s  o f  w e i g h t s ,  compr i sed  t h e  ma jo r  problem 
a r e a  i n  d e v e l o p i n g  an i n s t r u m e n t  d e s i g n  t h a t  would meet  a l l  t h e  
r e q u i r e m e n t s .  A l t h o u g i ~  t h e  p u r p o s e  of  t h i s  s t u d y  was t o  recommend 
a  d e s i g n  f o r  a  s c i e n c e  b r e a d b o a r d ,  i t  seemed p r u d e n t  t o  c o n s i d e r  
t h e  d e s i g n ,  w i t h i n  t ime l i m i t s ,  i n  te rms o f  a  f l i g h t - c o n f i g u r e d  
s y s  tern. 
5 . 1  SUbSYSTEM DEFINITION 
The i n i t i a l  e f f o r t  was d i r e c t e d  toward  b r e a k i n g  t h e  f o u r  m a j o r  
c a t e g o r i e s  down i n t o  e l e m e n t a r y  f u n c t i o n s .  With s u c h  a  " t a s k  
l i s t "  we could  t h e n  examine t h e  i n d i v i d u a l  f u n c t i o n s ,  and t h e i r  
r e l a t i o n s h i p s  t o  each o t h e r ,  and a t t emp t  t o  reduce t h e  o v e r a l l  
complexity of  t h e  system by having c e r t a i n  e lements  r e l a t e  t o  more 
than  one f u n c t i o n .  The minimum " t a s k  l i s t " ,  grouped f o r  each of  
t h e  f o u r  c a t e g o r i e s ,  f o l l ows .  
S o i l  Handling Subsystem 
1 )  Prov ide  a  s o i l  hopper common t o  a l l  sample chambers. 
The hopper must r e c e i v e  t h e  s o i l  sample p rov ided  
from t h e  l a n d e r  v e h i c l e ,  be mechanical ly  capable  
o f  moving i t  t o  tile i n d i v i d u a l  assay  chambers 
when commanded, and s i g n a l  t h a t  i t  has  reached t h e r e .  
2 )  The hopper should  be a b l e  t o  v e r i f y  t h e  r e c e i p t  
o f  bu lk  s o i l  from t h e  l a n d e r  and d e t e c t  t h e  
amount of s o i l  r ece ived .  I t  should  g e n e r a t e  a  
s i g n a l  t o  t h e  s o i l  supply  system t o  i n d i c a t e  when 
i t  i s  f i l l e d .  
3) The hopper must move on command t o  any assay  chamber 
s t a t i o n ,  from a  random p o s i t i o n ,  and s i g n a l  when 
it reaches  t h e r e .  
4 )  A s o i l  d i spens ing  dev i ce  sl lould be i n c o r p o r a t e d  a s  
a  p a r t  o f  t h e  hopper.  The d i s p e n s e r  should  be 
capab le  of  d i spens ing  measured amounts o f  s o i l  from 
t h e  hopper t o  be used as  a s say  samples.  Each 
a l l o t m e n t  should  be s e p a r a t e d  i n t o  two samples ,  
one t o  be used t o  p repa re  a  s o i l  e x t r a c t ,  t h e  o t h e r  
t o  be used as  t he  inoculum. The two samples need 
n o t  be equa l  i n  volume, b u t  t he  r a t i o  between them 
would remain f i x e d .  The sample amounts may be 
made t o  vary from c e l l  t o  c e l l .  
5 )  The d e p l e t i o n  of s o i l  from t h e  hopper shou ld  be 
d e t e c t e d  and accep ted  as v e r i f i c a t i o n  o f  a c t u a l  
d isbursement .  
6 )  The s o i l  hopper must have a  "dump" s t a t i o n  where 
t h e  excess  s o i l ,  l e f t  i n  t h e  hopper a f t e r  a l l  t h e  
sample chambers have been f i l l e d ,  may be dumped. 
7 )  The sample chambers must be open t o  r e c e i v e  samples 
from t h e  d i s p e n s e r ,  and be capable  of  s e a l i n g  from 
t h e  atmosphere,  on command, be fo re  t he  a s say  p e r i o d .  
One o r  a l l  s o i l  chambers may be f i l l e d  a s  t h e  
i n i t i a l  o p e r a t i o n ,  w i th  t h e  assay p e r i o d  f o r  each 
chamber t o  be subsequent ly  i n i t i a t e d  as  d e s i r e d .  
8 )  The assay c e l l  should  be f i l l e d  wi th  Mars g a s ,  a t  
ambient p r e s s u r e ,  b e f o r e  s e a l i n g  i t  t o  commence an 
a s say .  The gas should  n o t  c o n t a i n  any contaminants 
from t h e  r e t r o - r o c k e t s .  
9 )  Af t e r  s e a l i n g ,  t h e  c e l l  must be ove r -p re s su red  t o  
a  l e v e l  s u f f i c i e n t  t o  i n h i b i t  v a p o r i z a t i o n  of t h e  
wa te r  i n  t he  s o i l  e x t r a c t .  
S o i l  E x t r a c t  P r e p a r a t i o n  
10) Rupture a  l i q u i d  s t o r a g e  v e s s e l  and prov ide  a  p a t h  
from t h e  v e s s e l  t o  t h e  pr imary s o i l  sample.  I n t r o -  
duce s u f f i c i e n t  f l u i d  p r e s s u r e  t o  d i f f u s e  t h e  
l i q u i d  through t h e  sample and f i l t e r .  C o l l e c t  t h e  
f i l t e r e d  e x t r a c t  i n  tile l i g h t  s c a t t e r  c e l l .  
11) Main ta in  an accu ra t e  c o n t r o l  o f  t h e  e x t r a c t  volume 
t o  p r e v e n t  o v e r f i l l i n g  t h e  l i g h t  s c a t t e r  c e l l .  
L igh t  S c a t t e r  Ce l l  
12)  The l i g h t  s c a t t e r  c e l l  i s  p r i m a r i l y  an o p t i c a l  
d e t e c t i o n  sys tem,  a s  d i s c u s s e d  i n  Sec t ion  2 .  I t s  
mechanical  requirements  a r e  t h a t  i t  have t h e  
r e q u i r e d  f l u i d  c a p a c i t y  and be i n s e n s i t i v e  t o  an 
a t t i t u d e  up t o  34 degrees  from v e r t i c a l .  I t  must 
a l s o  be des igned  t o  a l low t h e  e x t r a c t  t o  c a p i l l a r y  
up t o  t h e  "dry" s o i l  sample,  from which i n o c u l a t i o n  
can t a k e  p l a c e  by e i t h e r  m i g r a t i o n  o r  mass t r a n s f e r  
tilrougil t h e  c a p i l l a r y  b r i d g e .  
IR A b s o r ~ t i o n  Ce l l  
13) Provide  an enc losed  c e l l  having a  connec t ing  
passage t o  t h e  s o i l  sample.  This forms a  p a r t  o f  
t h e  assay  chamber when s e a l e d  o f f  from the  ambient 
atmosphere.  The p a r t i a l  p r e s s u r e  of C02 w i t h i n  
t h i s  p o r t i o n  o f  t h e  chamber i s  t h e n  measured and 
m o n i t o r e d  f o r  c h a n g e s ,  a s  d e s c r i b e d  i n  S e c t i o n  4.  
1 4 )  The IR o p t i c a l  sys t em must  be common t o  a l l  c e l l s .  
I t  c o n s i s t s  of an e n e r g y  s o u r c e ,  a  r e f e r e n c e  c e l l  
i d e n t i c a l  t o  t h e  sample  c e l l s ,  a  l i g h t  c h o p p e r ,  
c o n d i t i o n i n g  o p t i c s ,  and a  d e t e c t o r .  
1 5 )  The e n t i r e  I R  o p t i c a l  sys t em must  b e  i n d e x e d ,  on 
command, t o  any sample c e l l  and make I R  a b s o r p t i o n  
measurements  i n  t h a t  c e l l .  A s i g n a l  must  be  g e n e r -  
a t e d  t o  i n d i c a t e  when t h e  s y s t e m  r e a c h e s  t n e  command- 
e d  s t a t i o n .  
5 .2  PROBLEM AREAS 
Having i d . e n t i f i e d  t h e  e l emen t s  and f u n c t i o n s  o f  which t h e  i n s t r u m e n t  
would l i k e l y  c o n s i s t ,  we t h e n  i d e n t i f i e d  problem a r e a s .  The mos t  
i m p o r t a n t  o f  t h e s e  a r e :  
1 )  H i g h l y  r e l i a b l e  e n e r g y  s o u r c e s  
2) S e a l s  and v a l v e s  
3)  L i q u i d  s t o r a g e  
4) E f f e c t s  o f  d r y  h e a t  s t e r i l i z a t i o n  
5 )  P a r t i c u l a t e  f i l t e r i n g  o f  t h e  s o i l  e x t r a c t  
Energy Sources 
E l e c t r i c  mo to r s ,  s o l e n o i d s ,  s p r i n g s ,  and compressed gas  were cons id -  
e r ed  as  energy sou rces .  
Compressed gas was d i s coun ted  f o r  t h e  fo l lowing  r ea sons :  
1 )  I t  would have a  weight  d i sadvantage  because of t h e  
many va lves  and a c t u a t o r s  t h a t  would be neces sa ry .  
2 )  A f t e r  r u p t u r i n g  t h e  s e a l  f o r  i n i t i a l  u se  o n M a r s ,  
a  h i g h l y  dependable system o f  va lves  and s e a l s  
would be r e q u i r e d  t o  p r e s e r v e  t h e  p r e s s u r e  f o r  t h e  
90-day mi s s ion  l i f e .  This  could  be a  problem, 
p a r t i c u l a r l y  i f  hel ium were used a s  a  power g a s ,  
because o f  t h e  p e r m e a b i l i t y  of  most s e a l  m a t e r i a l s .  
So leno ids  d i d  n o t  appear  t o  be d e s i r a b l e  because ,  due t o  t h e i r  
s h o r t  s t r o k e  r e l a t i v e  t o  s i z e  and weigh t ,  t h e i r  motions o f t e n  have 
t o  be a m p l i f i e d  by l e v e r s .  This a f f e c t s  any weigh t  advantage and 
t h e  r e s u l t i n g  mechanical  d i sadvantage  may r ende r  them marg ina l ly  
r e l i a b l e .  
E l e c t r i c  motors were s e l e c t e d  as a  good cand ida t e  as  an energy 
sou rce  f o r  s e v e r a l  reasons  : 
1 )  They a r e  sma l l  i n  s i z e .  
2 )  They a r e  l i g h t w e i g h t .  
3)  They can move i n  two d i r e c t i o n s .  
4 )  T h e i r  to rque  i s  e a s i l y  m u l t i p l i e d  w i th  l i g h t - w e i g h t  
g e a r s .  
5 )  BBRC has  a  g r e a t  d e a l  o f  exper ience  i n  l u b r i c a t i o n  
of motors f o r  space  u s e ,  s o  t h a t  t h i s  may s u b s t a n -  
t i a l l y  be r u l e d  o u t  a s  a  problem. 
6 )  Both synchronous and s t e p p e r  motors may be a p p l i -  
c a b l e ,  and each i s  be ing  e v a l u a t e d .  
Within t h e  scope of t h e i r  c a p a b i l i t y ,  s p r i n g s  a r e  a  very  good 
cand ida t e  as  a  sou rce  o f  power because :  
1 )  The i r  energy can be s t o r e d  almost  i n d e f i n i t e l y .  
2 )  Energy r e l e a s e  i s  s imple  and r e l i a b l e ,  
3)  With c o r r e c t  s e l e c t i o n  of m a t e r i a l s ,  they  a r e  a lmost  
e n t i r e l y  u n a f f e c t e d  by a  h o s t i l e  environment.  
S e a l s  and Valves 
S e a l s  and va lves  have been cons idered  as a  neces sa ry  e v i l ,  t o  be 
avoided i f  p o s s i b l e .  Consequently,  t h e  p r e s e n t l y  recommended 
des ign  has no v a l v e s ,  and no dynamic s e a l s .  Valves have been 
e l i m i n a t e d  through t h e  use  of  d i s c r e t e  l i q u i d  s t o r a g e  v e s s e l s  f o r  
each c e l l ,  and t h e  only  moving p a r t  t h a t  r e q u i r e s  a  s e a l  ( t h e  
sample chamber) u se s  a s t a t i c  O-r ing s e a l  of  a  v a l v e - s e a t  d e s i g n .  
This de s ign  i s  i n t ended  t o  s o l v e  t h e  problems t h a t  could  be 
expec ted  i n  dynamic s e a l s  due t o  deformat ion dur ing s t e r i l i z a t i o n .  
Also ,  because  of  p o s s i b l e  adhesion between the  s e a l  and t h e  me ta l  
dur ing  space voyage, a  dynamic s e a l  could  be damaged by t h e  b reak -  
away a c t i o n  i n  o p e r a t i o n  and made i n e f f e c t i v e .  
Because t h e  s e a l  i n  t h e  p r e s e n t  de s ign  w i l l  no t  be squeezed dur ing  
h e a t  s t e r i l i z a t i o n ,  t h e r e  w i l l  be no tendency t o  deform. I t  a l s o  
does n o t  r e q u i r e  any breakaway f o r c e ,  t hus  l end ing  i t s e l f  t o  more 
r e l i a b l e  a c t i v a t i o n .  
F i l t e r s  
F i l t e r i n g  of t h e  s o i l  and wa te r  mix tu re  i s  neces sa ry  t o  produce 
a  p a r t i c u l a t e - f r e e  e x t r a c t  o f  s o l u b l e  n u t r i e n t s  s u p p l i e d  t o  t h e  
l i g h t  s c a t t e r  c e l l .  A t e s t  program was performed t o  de te rmine  
t h e  b e s t  r e a d i l y  a v a i l a b l e  f i l t e r  f o r  r epea t ed  f e a s i b i l i t y  t e s t i n g .  
Summary r e s u l t s  a r e  a s  f o l l o w s :  
1 )  S o i l  sample - composite of l o c a l  gold-mine s e t t l i n g -  
pond r e s i d u e  and mountain sedimentary  fo rma t ion ,  
bo th  con ta in ing  much c l a y l i k e  m a t e r i a l .  
2 )  F i l t e r  components - Wnatman b o r o s i l i c a t e  g l a s s  - f i b e r  
mat f i l t e r s ,  g raded  GFA ( coa r se )  and GFC ( u l t r a -  f i n e )  , 
and a u t o c l a v a b l e  c e l l u l o s e  t r i a c e t a t e  membrane f i l -  
t e r  d i s c s .  
3 )  F i l t e r  combination - t h e  b e s t  combination of f i l t e r s  
f o r  maximum p a r t i c u l a t e  e x t r a c t i o n  i n  t h e  minimum 
t ime ,  i s  a  2mm- t h i c k  s t a c k  c o n s i s t i n g  o f :  
a .  GFA ( top  s i d e  n e a r e s t  sample) 
I; FA 
G F C  
5-micron pore  membrane 
GFA ( s e p a r a t o r )  
1 .2 -micron  pore  membrane 
GFA ( s e p a r a t o r )  
0.45-micron pore  membrane 
0.22-micron pore  membra~e 
In  g e n e r a l ,  two coa r se  p r e f i l t e r s  a r e  neces sa ry  on 
t op  t o  p reven t  t h e  membrane f i l t e r s  from p lugg ing .  
Addi t ion of  a  t h i r d  coa r se  f i l t e r  doubles t ne  r e -  
q u i r e d  f i l t e r  t ime.  Coarse s e p a r a t o r s ,  which cou ld  
be f i n e  mesh s c r e e n ,  a r e  neces sa ry  between t h e  
l a r g e r - p o r e  membrane f i l t e r s .  Act ive  f i l t e r  a r e a  
i s  10.75 squa re  c e n t i m e t e r s .  
4) Sample p r e p a r a t i o n  - 102 grams of composite sample 
i n  170 m l  d i s t i l l e d  w a t e r ,  w i th  no d e t e c t a b l e  
d i f f e r e n c e  i n  performance whether  b o i l e d  o r  c o l d  
mixed. 
5) P r e s s u r e  d i f f e r e n t i a l  - 5  p s i g  from vacuum pump. 
6 )  F i l t e r  r a t e  - 1.1 ml/min/cm2 f i l t e r  a r e a ,  average 
f o r  r e q u i r e d  t o t a l  t ime 15-minutes .  
7 )  Water recovery - 34 m i l l i l i t e r s  wa te r  hangup, most ly  
i n  sample r e s i d u e .  
8 )  F i l t r a t e  - l i g h t  s t r a w  c o l o r  wi th  no v i s u a l  ev idence  
of  c o l l o i d s .  
5 . 3  SYSTEM CONFIGURATIGN 
A system c o n f i g u r a t i o n  having t h e  sample c e l l s  i n  l i n e  was an e a r l y  
c o n s i d e r a t i o n .  This arrangement had some d i s a d v a n t a g e s ,  however, 
i n  t h e  suppor t  s t r u c t u r e  f o r  t h e  moving s o i l  hopper ,  and i n  t h e  
l i n e a r  b e a r i n g s .  The b e a r i n g s  have some problems of l u b r i c a t i o n ,  
and r e q u i r e  s p e c i a l  a t t e n t i o n ,  such a s  b o o t s ,  t o  keep t h e  s h a f t s  
c l e a n .  
The system c o n f i g u r a t i o n  t h a t  appears  most d e s i r a b l e  i s  t h e  r o t a r y  
o r  c a r o u s e l  t y p e ,  w i t h  t h e  sample c e l l s  a r r ayed  i n  a  c i r c l e .  
A t u r n t a b l e  i s  mounted on an 8 .0 - inch  i n s i d e - d i a m e t e r  b a l l  b e a r -  
i n g ,  having a  r a t e d  c a p a c i t y  of  3500 l b s  r a d i a l  l o a d ,  and 8800 l b s  
t h r u s t  l oad .  The bea r ing  weighs only  0.38 l b .  The t u r n t a b l e  i s  
r o t a t e d  by a  s t e p p e r  motor i n  c o n t a c t  ( through a  4 0 - t o - 1  worm g e a r  
r e d u c t i o n )  w i t h  g e a r  t e e t h  a t  t h e  r i m  of t h e  t u r n t a b l e .  The r e -  
s u l t i n g  r e s o l u t i o n  p e r  motor s t e p  i s  about  1 . 5  a r c -minu te s .  Sup- 
p o r t i n g  t h e  r o t a t i n g  t a b l e  a t  i t s  o u t e r  d iamete r  g i v e s  a  s t r u c -  
t u r a l l y  r i g i d  member upon which t o  mount t h e  e lements  t h a t  t r a v e r s e  
between sample c e l l s ,  thus  avo id ing  a  c a n t i l e v e r e d  arrangement o f  
r o t a t i n g  members suppor t ed  from a  c e n t r a l  bea r ing .  Also,  t h e  p l a t -  
form des ign  i s  n o t  hampered by t h e  unusable  space t h a t  would o t h e r -  
wise  be occupied by a  c e n t r a l  s u p p o r t .  
The e lements  t h a t  mount t o  t h e  t u r n t a b l e  a r e :  
1 )  The s o i l  hopper  
2 )  The s o i l  d i s p e n s e r  
3) The IR o p t i c a l  system 
Figure  5-1  i s  a  s e c t i o n a l  view o f  an e a r l y  concep t ,  which has an 
a r r a y  of 1 5  exper iments .  The I R  system i s  a l s o  shown concep tua l ly  
and comprises a  t un ing  f o r k  chopper w i t h  a  dual-wavelength  f i l t e r .  
A l t e r n a t e  pas s ing  of a  wavelength cor responding  t o  t h e  a b s o r p t i o n  
band o f  C 0 2  and a  r e f e r e n c e  wavelength prov ides  a measure of  C 0 2  
w i t h i n  t h e  chamber. F u r t h e r  a n a l y s i s  of  t h i s  IR d e t e c t o r  i n d i c a -  
t e d  t h a t  i t  l acked  t h e  d e s i r e d  l e v e l  of  s e n s i t i v i t y  and a  s e p a r a t e  
s t udy  was conducted.  This  i s  p r e s e n t e d  i n  Sec t ion  4 .  
Using 1 0  l b s  as  a  weight  budge t ,  i t  was dec ided  t o  determine t h e  
maximum number of  exper iments  t h a t  cou ld  reasonably  be i nc luded  
i n  t h i s  c a r o u s e l  sys tem.  P re l imina ry  a n a l y s i s  i n d i c a t e d  t h a t  18 
was an a t t a i n a b l e  number, and ano the r  l a y o u t  (F ig .  5 - 2 )  was made 
based on t h i s  o b j e c t i v e .  However, t h i s  proved t o  be o v e r l y  ambi- 
t i o u s  because of  t h e  re f inements  t o  t h e  I R  sys tem,  which w i l l  
weigh cons ide rab ly  more than  i t  d i d  i n  t h e  o v e r s i m p l i f i e d  f i r s t -  
c u t .  
Using t h e  concepts  i nc luded  i n  t h e  systems of  F igs .  5 - 1  and 5 - 2 ,  
a  sample-process ing  f e a s i b i l i t y  model was des igned .  The l a y o u t  
i s  shown i n  F ig .  5 -3 .  This model i n c l u d e s  f u n c t i o n a l  components 
which can be e a s i l y  s e p a r a t e d  f o r  t e s t i n g .  The b r i d g i n g  tendency 
of s o i l  was t o  be overcome by t h e  "knocker" cam l o c a t e d  on t h e  
measuring drum s h a f t ,  which s u p p l i e s  a  sha rp  rap  from a  s p r i n g -  
loaded  hammer every  90 degrees  of  r o t a t i o n .  The I R  d e t e c t o r  was 
n o t  i n c l u d e d ,  because s e p a r a t e  f e a s i b i l i t y  t e s t s  were t o  be p e r -  
formed on ano ther  model. D e t a i l e d  drawings were p repa red  f o r  t h e  
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sample p roces s ing  model, bu t  l a ck  of funding has no t  p e r m i t t e d  
f a b r i c a t i o n .  
Subsequent t o  t h e  completion of  t h e  f e a s i b i l i t y  model d e s i g n ,  t h e  
I R  d e t e c t o r  de s ign  and t h e  s o i l - w a t e r  f i l t e r i n g  t e s t s  were completed.  
Tlie number o f  sample c e l l s  dec reased  t o  n i n e  because of  i n c r e a s e d  
s i z e  o f  t h e  I R  d e t e c t o r  and r e q u i r e d  f o r c e d  wa te r  f i l t e r i n g  of  t he  
s o i l  sample. The l a t t e r  requirement  i n c r e a s e d  t h e  s i z e  o f  t h e  
sample chambers t o  accommodate t h e  f i l t e r  s t a c k .  The f i n a l  f l i g h t -  
con f igu red  concept  i s  silown i n  F ig .  5 - 4 .  The e s t i m a t e d  weight  i s  
10 l b s  i nc lud ing  e l e c t r o n i c s .  

